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F K E FAC E 



Of tbr 1 10 h WQ vuuutf^a tti-le* pLenued lor Lhe «renth 
rmijc (d the nonmi^neUe ahlp CirritEi* ol the Carn-e^e 
InfitltvHufi wl Wuehtogtoiii wt-zrly -IhiJ* h*4 be*(i *pd*- 
plcted on her ariiyai at Apia, PoTfEntar £S, i@2S- TJw 
«Henalw pruaram afcibMiYTtJQii Lb terrestrlil raapurt- 
Ibhi,. Lerrtrttriu cte-elTUdfcy, cben.inl aeewts*r aptor, 

phypk*] oceangErsipky,. rnurlne bink.Ry, ±jl 4 mirLiifc *ne- 
teorctaiTY tae bcing cwrrled oui in virtmUyewry dclall- 
Fracllcal technieiueB BJid mj-tnuucntBJ ap^si lanc e b for 
ot^ijiojfraphut mr k un & Kallkhg wfc&el had btM ill u at 

«K^EPl^lly dtorflotrad fcy Cff^iv J, F- EB*-i4*r M 
cillet ef the sclentlil-c peraonnek and tua ^Dtlea^ueE. The 
Mgb etifidirda estitaianM undet uw energede uadm- 
Kwrraiu! le^frsWp of Dt. Urnis A. Biuet and hlft ea- 
worke ra wert as-ai nt-aine-d, aihJ the* a.c htovccraanl e wliiili 
Itu eiarSted thie pt e ifImis work cf tbe CoiJWfile «Keavded 

&j| U»Ib «uiM tfm ir^jlcallT Lht lijtt of tbe uerori 
gi-eai fldrentvrea r^pre&entrd t?thewild crvim^ thr 
vtiMl. Early ln tue iiternoon of ^vember E&. 1 DZ &, 
vUltfhtfrtl Ln Ui< birtor 11 ApLaetfiaplstlJtg the ptorage 
oE 2000 gallan&Dt gUEOllnr-, UL4T4 vir an ■KplDSiOn u a 
resuit of whlch C-agjtain Aidt and. ea.bln W/AnlJwny KdI»t 
I chrti inekr lives, Il¥*- attlcers and stamen were Uijiured, 
swd the wwtl VltbAU htr **ui postul ms Sestro^ed, 

In 37f! &ay& al sea n-rHjiy 4&.LHD0 h_rimUwl 1 rnLS^n bad 
beeo wrered (w* oia*, p. It). Lt. additaon to the cantan- 
elTt m.agnrLic u*d alm-oapherlc-Electrlc observatione, a 
grvai niontwr ol rbiiit and muriae calLiclI^ns liid beeu 
otSflliisd ln a» rield at afiMlatrr. physlcs , *siri Taieifsffy, 
LacludLng bottoan aaniples and dep4h d^L^rm-ln-R-UnniA. 
TlL€&e obs«fvaUQHB vere made at lf £ statione at @.n at- 
■rfeft ■dlntaji-De- *p*rL of 3Ab uauUcal oslLea. The dtetri- 
rfrtBff eMIoiw Ie rtiron tn (bv Edi^i vHffc 4T- 
LUueatea also (lue ccur&e lollowed by Jhe Einm 

WuHlngtnii r U.iy lj l02» d to Apia, MovimlHJ £0, I0CT- 
At (Aeli irt*llon F cLillAitiefi siaul t9jup£f utut ea vere ofe- 
taljsed ai deptiha gf 0 F £ h S5, W, *&□ 100, 2M F 40«, 
5M, TM, l&tM, LHM„ etc., mttera,. iown I* tl^ btfUu M 
tu a m ai E irh Min af AWO meter a, and. cono pSkte physi c-al sl nd 

CllVHliCiJ HfHpTrnl naH j-niK m£t£ UlA. BlffilOgl C ai SBIIh- 

pLefl to the n=«intwr frf IbH irrt ¥K*h hf net and 

try pump 7 tLffuilJy at M) r and 100 mftera- Num&rouB 
pbjski] and theoilcal daia were obtalnedat d» surlace. 
Sonic dcpt&E vare deieraineii ai l&OD p6Jnls uifl boaam 

BunpleB vere cbtsumed at fi? pointo- 3inc«P h in 
uu viLh tbe tfctabllahed. podlcy ol tiie Deparfaa^nl gf 
Terrefftrl;il H tfHUsvn, *U ufesirratloiial data and mi- 
tBrlala wer? fvnraiife-d rcgulvLy to w^ti^n frena, 
eacii portof caJi ? the recorda of oniy omer ffbBcr™tton 
nre Loti vith the ablp, najnely, Ldeprtii determuuriau 
on the sbort LesEtJPtween Plffj Ptfv uni ApLt. 

TTie MBipUatianfl oi, ww3 reporte oe„ the utieiiUllc 
FeBuiLa ubtaLned durin^g Ude la et cruJ&« of (hi C-ancrit 
wi^ b«J pubi lntiEd njbdcr Ltu clasalfjcallonfl ^hy-sicii 

Oc eano^r a pby, CtwmlciiJ J4.e-ttoro]ogy, 

and ln a aerlca n^m.twtfd N ur,d<5r snhjeet, 

i 3 n r and IU, etc_ 

A aeaeralupoouiitof tbe e^pedltlon has bemprepiirtt] 
ojvd puULehM tr J. Harlaud PftuJ, adipes gurgeon and ob- 
serrer, under (h* tllie The laat crglA& uF tfcffc Ca rne 
elilJ tDrtttLisa a. hri«f c hipter on the prcvlws rruia&a -of 
the a. deseri|ri_Lon oi the TeeseL and her cifglp- 

H#nt h Hfld 4 MI IIWTAttr* pt the erulae tBaltlmoTe, WU- 
Lians ud^HUiis Ccmpsun^^ IS^j xjll. f 131 pagea Trtlh 
l&fi lliustrunans). 


The *pftFttti*iial-or ? tte-realiaMtoathhpffr- 

muldluT* bven tapOMfU* wftbcKit tbe gvaergua 
owpvralJiPQi $xpert adrtee, ani icenti l^uUonsar apoclai 
aqfiklpAieDt and boota reoemdom ali sides ircra ihter- 
*it*J orpiliitioin and ianatliatorM both Ln Ahiarici 
ud ln Europe- Amcn# tlw&c. Qh- C &rnsdfl LnrrtsnitioTV rrf 

Wajkln^to^ Is Lodebied to the foLlowiog: the Uoilled Sk ate a 
KiTT D*p*fttotiil, LncltidLJig particulari? Jte Hydru & e 

Gftdpp and Npt^J ntceca-T-rX LaboratorTh the SJjpial Conss 
ud the Air Coepe of the ~Wiir DepartmcTit; tJve Nsilonsi 
Uuscum p Lbe Aireau ol ^ahcrlee, tli« Weatber Burc-iu p 
the Ciii-iL Uiarh, and Ebe CoasL and Gtadetlc Kitmj; tbA 
Sciippw Inn titnlin □ nl OceinoBr*pJiT cf tfic Unltcriity 0f 
CaiilornLa; the Miieturi of Cmn.paraU™ Zoolo^of Har- 
Tird Unirereity; the School of tieograpiiiy u( Clark Uni- 
vur altyj Ltw Amerlout H*d3r> ReLiy Leigiu.-- tbe Oeof^ya- 
IcjJ In^tlluiEj. Btrepp, Korvfcyi: the Ma^Jne WpIOjIcsI 
Asscclatim of tlw Unitfd EhigdM» PlymtMth, ^nElmL; 
the Crerman Atlanbc Expedltl-DB ol Hic Melwar . Institut 
fur lAe^resMuncLe, aerllit, Gena iny; the BrldahAdmlral- 
ty, LoEdon h ^iifbid; tht CarlBb^re Lahorfetoriuai F Bu- 
re-ii.ii laternailonal pour 1'EipLorail on de Jp, I4er h wvd 
Laboraioirs MydrioprapbJqitbe, Cnpeiaiac!Qn r UeniQi_rk: sod 
raany utbe-ra. br. U. U- Swerddrup, Mifw iHractor of tte 
Skripp® EurtltuUcni of OOUiDgrSphy trf Lhc UnlT^rjdlj tff 
CuLLfumJa, at La toUa P CalU^mLa p who waa the ei t Re- 
March Associate at Uit Curaegle loalitunaa «f washinf - 
ton ut thm &TOpliyRlcii Imtllut* at @ermn 3 HorvAy, vu 

eaBniltftn^ ocdanoerjijpJnr uid pJiysld-Bt, 

hi Biimmarliiag sm eiittrjjlae su-ch as the guagnetlc, 
• iKtrlc, hnd orcuuoip-aphlr EPurV«y« Of the JltMgla *^d 
□ f her predeceEBor the- G-al 31 bb vhlch ccrare-d a. quar- 
liircli ceatur?, and vhlch rsgulred oeoptraaTe eHort 
md UnfecUiSh intereat un the pLTl ut ni lui y aklllcd acJllh- 
ElstB, lt lB inpp««tt)lc td HId^U« EulL and ij^uruprlate 
uadil Captain W. J. Pit^-r e lald the broad fnundntlon of 
the rofk SurLng the early cruiaesof bolh ressele, and 
Captalii. J. P". Ault, vius fcid had ihe ^uod loriune ta «nt 
uflder hJm, ranrdnu^d Mid. derrSojMjd thnt ihlet fraprtnln 
Pcters had bo weH begun- The orlginaj pLan cJ Uw? «crlt 
na enilatoned t-y L. A. Sau^j, Uu Elret Dicator of 1h« 
DtjjariQie:iL u f Terrestria! Wi^nelistn, Caroeglf Infftlhi- 
tion <■[ Vspliln^tuD, tbe develQfmisnt of aikltiftle m ettruls 
utd appiratiiBvuttie raeuU of th« pa-lnsiLulelng -tiiTurli-t sf 
his co-wurkerB aE Washington, Tndy, p-e vrs glAled-by 
C*pti_Ln Aidt ta an address durlng the commemor*tl™ 
eanroKften tald oai beard the Carevgflle in Sam Fruiclsco r 

AyffJfft "Th« fl^rr Ol fliu**™- »4 

entarprlbe, o f uiTcntion and accom pia rfmcni, cmocil bt 

h3ld. 

Dt. E£. W. GraJimi, dieolot md bfo!d0(t on bound 
ihp CirOhai * faun Auguat L936 untll the Lgm of the tki- 

E-el ai Api*,. Smot, Iri Hoveuber 1Q2Q 1 , vbb assieted in 
tbe preparatlmi oT pr*iMfLt ehebihcU report by Dr, 

E. G. idoberg oJ Uve Scrippe LnEtltutJo<ncrf OceanuprsjJty. 
Dt. MiiIk jjf trua gutsa cbccslat -on tba C arncelg fr^fA 
/incusi tiuuaiaJi aepiemter 1&2& 

Thlg roport on hpdrogeo lenii, jUcaphiti. alilcai#, 
utd dlssoiTed niry urn of fou itllr riprefienta the mosi 
BiieneLve LnvestlgaCion bevlng or Fvoh ra iUath, eWr 
und*r lu_krn ln the Pi eSJLc tic eajtt. Une lusis dred aisd tventy - 
elgbt Btatlone mrt -^eeiLpled ln thla Ocean. UoiielcLer-abLe 
r«a-eudi ln tlw chrmltnl Itolil Irtd louSertiken in 
Lbc Atlantic Oceun an rer lier sipfldltijOTis- FmrthtltHs 
tbc Ukirty -Itmr BUllonS QCCtipdfrd tff Ldt Camffgiifl ime In 
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PHEPACE 


e 


ik (Milrd MorttAtliaUc Bodtbfl CudbtnuiSBi—regitmE 
□at pr«Tiouaiy kovestlgaleel. Tb? Hila, blde 3 thalr dlecua- 
mtma ire ninjfrl* GCiqtrttoUnni Io ouT fcvww]*i%* of tta 
{tiJfrrvrt recens vt 

Imis. 

It Hinnid. k» qcukI thar tftilH regurt cgeHiUis eu rsler- 
«M»l Ifl lUiariliirfl pil*ll*J*ed MU4f UHa IM ewlf plft 0* 
1W5, «i irikicli tina? tlw EbuL Terte tom of tbw m amiBcrlpt 

tui eu ad?. It is realLied. howCTPr, that more" r ec-eotly 
Qw reculta ol iKuuubfer ol #eaiU|ripUe l&raoUgaifau 
dfudirafl arith bolh tbe AtJuvttc and tlic PfrCliLC pcbiti , 
u nll ifl wIUl idjit-eat cubiIas rsftor.B, hflrr tw«i 


puhllfitued. Ab a eon ecquem:e of thee# r s cent lar? stlgatioiiB 
]* Lft posanaia ibil «sua tta gfiiMTilJEallona or coactu- 
alaup buwd cm £t» Carppijrik uid tbller d4a v311 irt#4 14 

£rt sicdlHeclp but at ii telt Ibat +h? r a ani te af Qn- Qfcwjrr*- 
LLous md uilyae-a nufte hythe GaiMfle arereilibie aod 
cnmpjiritile wltb ttnae nibo&qfLHJitly reporled. 

The prinol WihtEU te IhE ifintli in iht urlea d£ gel- 
antifLe resulta of cniiw VH of Uve Cunede dbrtjiK 103H- 
LfiSS uader cmmnuHi of Ciptsio J. P. AuU,' 11 

]. A. Flctntng 

Hrrcbor, Pcpwhi^iU Gf T*rri HfcriJti 
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ACOS E AMD METBODS OF TH E CHEMICAL 1 N V E gTI C A TIOKS 


DmDwcnMi 


imt ^fctaaieal profTini ai tht q armaj^e TOoifUMliod 
priouutt? MU * He* er stfvbv: Jnftirinaiign Gro&vnginf 
£h.§ natur? of th*r btoloflciil fh-titdiud rm: in Eh* reptens 
tf-averstd, DitbougtL aome oCtli? Chemical dita obtaLnwi 
tu he ojurfl u Indlnturi of wM.tr wflveMABlA. Tfci 

cfamlcfl] crinali fa-fiil* dsl^THlIlwd IflcM? h-pdrn|i<! n lnnm r 

pboBphai», bII Lttt«, nod diBBolrod 0X71VB, dnlinUjBi 
«re ileo d€le.r mlned but. alae# Uieae per? uaed princi¬ 
pali j lor Ue atu^ of tb« ftejAl^U pnpettlti of the 
nlcr, tfic dtei]nnpikraa nf thnn hae brcc looLiadiri tu *p- 
otter rcjsort. 

U haj loBg bccn Lamm that mu ma]or eouBU&iABta 
rf Ui§ dliflBlved ealt Ia b*i mt*r oectu? It e «utut £ru- 
portbn, i-nd ilLR-t Oifeir 4u*nHt4ts vult bt pgrapulsd fna 
tti,* inlis]^ nr fron osw-of Iti WDiwMiiitB—Ihi Chloride 
flor ejtiinpLfe. Mahj of the nascor constituent a, e gp»frc Lil¬ 
ly IutcItmI U tSuJiffLciJ actlTlLleap tto ut occur ia 
cosjdmiit aroportiM to the lota.] uilt. and tfielr tceeea- 
umion, ■■ ifl tnccaac ut phuapbBLc, mij™ry Ut JKttrtl 

t nrprlr m\ p^jr f ffll Animi* ttlG SllbRitariCC 4 ttmt p]l J UTI 

important rcLt in liit mtliballc eyelfl of the fl-ea u# 


cltrftt#B h pbosphalea, alLI^alea, cftrtop dipi-Ldis, 

□Kjrgea. TTht flrrt Jour ire txtracM (rem Cie wnlej b? 
plutri aiuL Ubera Uri In tlie llnal JecnmpoBlCtPr of oifun- 
IjC reumlM. Cnrtan dkwdde Is ato&APbMt by pLuta iuad 
Q*lir*m Ib liter at wl durLmfl phatnayBthtBla «heredi ihe 
HWfM Ut sare dUf Log tili i-t^LriEVn planis and aal- 
daIh. Botause of lh*lr LnfclpBri* rrlalkn to fche lifa in 
tte aea. r mjtd kK^iu? of the gre-at rar Labllit y 9n tlLslr 
^uantlil Lrs f it is BBscnilal ta deterulnt theac subotauf^i 
in Tarioufl Locanti» uri ai nrloae ta grd-cr to 

©btatn an Mteqnate plehue^T the blolofiui iBrlroiuiMte 
in uj pul ul Oie *e* r 

Ai-lcLe fron Oi^Lr lopartuec m BiAtajMH HiAl«§ 
and as Indkatora of va.ter ucrmcttts *jp! rKt of 

watsr maaaea, soue of llic dflHtcrHiJawd ss- 

*unie L a. p nam In cmt part Ln geolo^lea] processcs tiklcg 
plitv mi Ure oe a bvttgm. For eiaspLo p allLtatt f dattan- 
EhJpa ire inmalTad io tbff dapunitlno ul dialum nbnll ■; uri 
pii fa timrihirn ire IfrrolTtd Lu tbc KdiftllJtf ol ulclum 
curboflaM? in hd wnter, 


mSTOEJCAL 


PTlur totli# LHi onilne 4f fbe C^rejeri* wifil of 
Ui^-dhiiakil fiubfftincss cwhhhJ fllh tti« poitit of 
orgacdscis had been lnrestlgatod ln Tirioiu pttrt a «I th« 
AtluLIc r but Insr Ote Pacific LUere waa littis Icformatlon 
^IPL^ TSiLp VLdp^tl(n1|/^ true (bf tbm[«a Pacific 

for irtitab tademiUieiB tm ilneM raUrrly Lacbl^g. TTht 
iirlLrit retords of iny ch^mlca] iDTf BtR^itbDnB Ln tltf 
Pacific are tlHae of the CjflUan expediM ds Ln LBTII to 
1@T0 tfmtiur, UMK His Te porta of thla «pedit hon 
iF« ClABlHCB LB IA# fbriAf OF Ul« ehAfiftlJlFy Uf BAl 

«*er f ia *ell fl-i of ollior pbaei of flcWMsfipKf, but 
II* WOsrJp wnu C 0 m*+riw 4 chlrftr Uritt Ihr raalflr «altan 
«oriPoti*t) 4 b of sen wnftrr DlBnlrvd cm^vr wtu d«t*r- 
Dlnnl •:• ■ a le* LKUated *ater eamplca but Ue r eaulta 
tre oat adequote for iDf gener al toncluoSDoa. The 

PUoel {B renude, 1BDS) ia ISOC m 1307 ntuie eame 
cbemL»J ke^eelimationi of the nlir l^loi tbe «rln.ee 
iBtfWI iTtW OklAd Lid Runa A- G- Wi-y^r (1 

i#Uj deLtrmlnai tfa« fcpdntft h-I pai coRecstraMon <rf ihe 
mTfacc vbi^t bflclw^tn. Sftn rrnn Cisco and ttv? Ha rallae 
and th* 9ajBoui Islandi. Tbfi [ >ana iBeUanldt, I ^ 16* r 
1IIB) detenuliued the dlsanlr-Kl nrygcD at virL uilh -depUic 
IA me rmU uf Paumn Ln | &S2, Ito (llHfl} Ub S W* dt- 
terinlnod thr b^droffCR-lon concentratiofi ol nater from 
nrloai Ip-tcSa betneen Ne* Gulmca and Japaji. Ib cer¬ 
tate coifftaJ ai4BS more e^uplel» te ^JiS^- jI Luns had 
beea carrl-ed oui: far cxajiLpl« p te Lhc Sirali of 
bf tbt PiclTIt B-ln ichgSqi] stati nr of Ure B LpJaf Lca.| Burd 
ln tfic Pugpel Boiurri reglon by ths UriiwirHdt^ 
of Wiiet! inglgu» riiong Uve coast e E M Jthern f aLLfar ala tw 
tbe flcrLpps IaBtltutlouni of Ot e-a.no|rapfir ar tbe Utilverei- 
ty of cuifornli^ uri ofr Mpnlerer cDOperalLeilj bj the 
Hrj^lrs MArlne SUtlo-o 4f StanJ^rd DelnrriJty p the Ma- 
*™di u>f Coaparalire iioo Lppy of Hufinl UniTerBlby, 
the flerLpps fnstdtuftl«n o f Dcftuopaph f p ante th* C tLl- 


fioraiA Divuiris or Flati uri ome, hieet ef fbeae i 4 ul- 

ItLsI mwwtbe wnjUflrcd nM nprcawiAlnf the opvn Pa¬ 
cific* HanftTOr, and itis nlisraical ccndlblo^ns 13 Tirtually 
ths whoJ e ol thla occan n>srs praetl-nallT -onAnavn umtll 
lnvssLL^a.t«d by Uie Q araftflls - 

BuLm^u«L I» the CltbkIs a mlii, tarthar nart 
bap bcen carrted. uut ka Lht cnmLil memllnqiri b? 

tho Japuiesc ln tbt irfUerA uUaccnt Is jipui, uri by ite 
Oreit Bnrrjer Red cxpHflllaa iiitiie Cirat llarrieF 
Etwl reg Lon uf Aaietralla_ Tiit telluate* «ipedUtluea iu 
iast LtnE Lnna hase teTcatlgai^d ttriaLn clie-mteal caodi- 
Uofij ta the Ciptn PicSflc- 'th< Itfillchrord B np^j lus np«- 
dLU.i-.ni ln the "Pulch Enrt Endies= rhh Pan a csji-sd Itlon 
rnPED P^maia to fl>t £art Ewflte &i the JapucH ualolnc 
shlpi the iiinftnky Mani , fr&ni Kabe to Sia Dltga: the 
Uniter Siti of Wiabtegtod. Ln Ihe Gulf-of AUifca and,. Ia 
cnaperalion wifli Iht United St4(0-1 NJT7, IB Ihe &tr-IO| 
Sca; and tlie Seripps luetLtutIon of Oc-sajiof riphy Am- 
oparatiori wlth the United State a tla^ M Ut# cuuut nf 
CenlraL Amtrkca J-nd. ffooi Ihe Alsulhan Islairis- to the 
Hawvllan Islnrris . To tfis resulta at mori at theis In- 

FMVtLfBttBu r^ifrtjDce wriibifi snult La ihe carnm ie 
chcmlatry reparla. 

Tbe CarnWle 1 * invvati^iilinu te the Pacific ore by 
rte tlia ra-iKi emensi ve vw tr uivdertaien ln bhLa ueeaa . 
Ons huudred and twenty-elght Btatknh vers &e<u_pliid 
nnd sampleB tat ehemLca.1 irtal^aes wtrt Lake-n (rnm 
abaut trenly lw^lt al rtatkin P «rierriJ-nc from i kie 
suriaee anu u r u> sKTrrai Pi-jtlmkI m^isra. AL aearly 
ut tae tutlgna phoephale Eiod hydrogea ico *eredeler- 
mJped and mE the la.st thlrtj-thr** Btalloiu iLig Blltcatn 
and d39so]ped Qifg«n. ab b reauJl p i fiirlr eumplwte 

pietur# u-btilntrd. L-f UlE d Lrirlbutkm. Te rtlcal and 
horltonfcal h of piant luitri^tita in A I ar na part ol the North 
Pacific u veli *■ La ch^ tropi&al and houiAeastern. vSuocii 
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CHEMICAL RESULTO GY UL5T CftUlSE OF CAKXEQlE 


Fii±fiC P »d(l ot tha orypin CoTieai nf tlu nrfa» ari 
tbe BubffoHsxa «Mer flC a. Tirg» p*rt d U» cptq Fa¬ 
ri fle. 

In iil* Atlidtlc tbe Car nevi* gcco^LU &lLT Bllrtj- 
fgqr jitaLlonfl. Hydrosrn li>oi and. phropphaict «ere d«~ 
ttrnlci^ ^ fa_rloaa ler*le at MI atattoan »ri dineolved 
axjgen a.t tvn ataLLena. ALUmi^ Pie data oblatori ue 
■ul titenaiTc wtirnc^nipird with thnnti uPUiiri m frt 
Po.ni.f3c, ttep eosftltijtn an important cotttrilnitdQH to cmr 
kw?wlri«= nf ttii ti&nic-il: wriitioiia Ln. JCfllon.ii nol pre- 
vLously irTtvito^Lri, tajaeSj, lh« cfcdtPtL K:rl> AUaniSi 
Ol ute C i_F Se*- TTieae dato Ucfctt* putSflBlArSf 


latere rtln* wten wiwid ffUI) tl«?4e ■*! atii-era 

iu boOL the- Narth ari Soulli Atlantic, 

Dm boari Oie C irnea 3-fr. K, E. OaiwelJ hri cluuru* ot 
tli« etawlcal tiiTQElif^HQnf in. tta A flatile ud tram 

Tinam a to (IudoAi in !h« Pidflg (l H I Uili 1 ti W)f Jl B, 
Feui Iro eo thli polnJt to Yotoh^naa nid dimc-c in 9on 
FrutglacQ (uti E Loab 1M to 11» i and t{, rf, Cr-aham frint 
^rd priui^Lbcn to th* te^uLnaLtoD of Ehe crul&r at 3 bdw 
(atatloTiB ISO to 143}. Rctween 3 ul ftuk licq i ad hqe»~ 
koJu, E, G. Metar* of ttit Jiutlimilon af oc eajwf- 

NLpbp, wko vu i pisat LflvertLentor ob barri, nude 
Hin# iif Use uulfflei^ eipeelullj nf arynen. 


METHODE- 


phcaphati 

Far Ita iste r minatio* of pha*phate r fu sude 
of tta «hfarluitrle mdi»d od D^nl|ll (ISSO, ISSI) u 

nd^UPtad.fnr trt. »aler frf AtillLB {1&I3 r, IB2&L Tbili 
method depende gn (bc romull^a of an InVmse Mat, at 
Ibt aAHthJD flf certiifl TWSritol* a nlullon striato* 
pbciphiLc, me mtenaltr cl sJi e crior talus in dsrfct ra- 
liticm to thr qrujillt^ of diaeoired phoEptiatc. To 144 coi 
of Kta cuspl p lo \w Mflljisd p «are rided 1 ml of h ri- 
ItiElu tonalatui* ol ow Pftii of 10 pt r -CMt uunonlTin 
AOlfbda^a ud three pari e of 50 prr gcnL tOliLBaij 
mH pfc«rie uul qm or two drope od eiwuwu» cJd-o* 

ride PoLutiem fr*ihl|- prtjiared frorn O lpoof tin di*- 
aolT«d !■ a Bl Of bfdtodilfrrl? «iif ^ ^ preaeoe* «f * 
unit quintiin n| rflpprr nlph*it p uad aude apta 14mi 
«ttti OJitliaod n.ter. The biuc color app-arme ln me 
■uaple «a_i malrhed j-ffelul that of a ftandiurd ptm- 
pKjitf BoIntLna eli^ilUlT tTHJtHl, FOT thlfl cfl □Ijiif Lfl-jlL 
the B-fLEipje ud Standard ver* pUecd Lh [Uip nibe* 
*boifet 300 ■miw 1(>4£ SLtrf ilxsut 3 5 «in ln diameter ud 
friduRted id. 12t uUt*_ Theae tnbea vere tL*whL ln a 

ipp^nTLtntlcr Od tSirOW dlTfuIHl Lbgtil. UlTOO^l 

thr cotanui* nf L IflnLd vhrn rtudltif IA 1 tCrtlCil p»l- 
tiocn and ttie IptcIa od Uve llqalde Ln Hiv lobci vere ad- 
juted BniU toth bHjot« 1 Uhe b9.dc LBicualt? of Uve talue 
Wlftf Dj udlng app^rlal# A&iuLiMfl h Uve dlllerauce 

du tbr ifjl c rdilLiigH nf iJkt tld (ub«i ni ifrpi Ul «IUlLd 

tv entr-f 3 t^ Alrdsknw and imsiiillr ti> muri l4*i. 

rtiE woriLCifl atLsdardfl xieed vere nuule -np Irnia a 
■tat k 0Q3iiiUdD of polunaluu dmjdrogen phQBptiat« pr*e- 
■errftd wlth tolyciu. A ftuppLy ol UUe naiurtloiii wMch 
vu Itmuaht AUfitlenl k> taft nmtil me carj*egi* a *r- 
rlnl iu i home iwrt, vae prepared before EHt it*rt of 
tbe crulM, Tbio aypply vaa aloaoet exhauvted on axi iv- 
m Icl jH.£4n («tallcD 111K bovever, There l temporary 
iWird «^4 nlMe np r oi]Jbra.t*d «Uth Olt Aid, uwi Ikfled 
for etaltoBfl 113 tg 1 J4- A frusti etamdard,, pr^p^xcd Ut 

UwScrJpvA lulltiLtLQD ol tlsfftKirapliy ty Mo^ra h 
turi [TDm Ban rrauclBcn ootll irte end oC the ctuLbb 
■[ ftiLiau L3Q to 143). The old aLaadarda vere diecknd 
afVlAM IMI aLuULud Ud «era fr m nri to iLLLTe infEered no 

Thpnc rha iu ffeallkr vlllt kliLi mciLml «ili r*jJ - 
i» Umt lh^ RcniKT «E to« rnUti, i* mprriifri in per 
ce nl, dcKrr-TH^H-* vflH d«cr«aae ln tgqtenfr ailiyn ol phiB- 
piuUc ln Uu aamplc? anilycni and of s TQ^ 

per cikfiJc oaeter or leae, ibould be refard-ed aa Ladlcat- 
lu| nmretf the arter of juaiaitude. Far "nll error'" 
tid eorrectldB *U WlledL ari rtftilLa 


BXV «tth nearly all the reiulUef 

fftudLea ol nea vitor rciKirtad iMiore ItKh 

The phneptute tiIucp «e eipreaeeU aiv nili teram* 
if PO 4 jwr euMt inetee, heiaviBe al the time the dat* 
«ere computed and LiHuiited UiLb «■ the moet coniniod- 

lj iu<d tnebbod. Maukj^f the earLier da-ia furund La the 
illwat*re ilvsn aa «Utreaj aosuiy s( tho#* 

fmfrllrtlfdi latir 4 x* u^eiiri u P gf, hlatc reeciUlF, 

«a mlH LgliUH at?B9 hliogram «w cmbU 


smtiu 

Silivi* d-eterninvd by the method of Divae H 
ari warifrivlcke (1B33) u sodlrtiri tj AtkLea (3P*W, 
Thia Ut 1 calarUuetrljc method, aLnilai to that aeri far 
plihephite. Qt the orittloai of oertain rFitenU to b Ull- 
Leit^ nDlnlth*, a j4ILpv edor lLk.e ih*t ol a pterde ieid 
KvLufcLon Lidefela^ri. 9n nnkingi the 4 rtcT 3 nlnalton a 1 
mi of * 10 per eeni eobt^n vi ammonJiim nnkrbdd* 
ari fl dropfli at a E0 per ceM toIum«) solutloa of 
■nl^bkirle e^ld ««re jjlflfed Ea a 100 juI aaupls-or «ea 
mer. :™ the aaitat ^eldrlietttt uted tvt Ih-e pluaphile 
MirntulWH, (hc ubpIvUihi trca.L*d na (omparri 

ilth * picrLc sic Id ptandird of a concavtrH.ttnn eveh that 
tbe -Bcile r^jdmge of th e t«o tutas d liter ri bf Ihb Uun 
3£ sfilte. The etAAd.brie «ore jvrepirri u dlre^lri by 
V Ir^g Ari Lutaa (19S3), «ho fouri ttiai a solutloo of 9E.0 
9| rf FiCric held p*r llhfre 1 hft* * cfllOi qflrreBperi- 
Vpfl to Oiat of b -eLlieatc «fflutton to 54 nif 

SIOj per Liter, 

Simple 5 for the detenaUhatlnn of alllcaie w-er e 
driPn rrom me Naoeen baltlei Uda "citrate of ma^ne- 
tii" bftUitiariiuulTcrilhB-isUOitim Eapefi- 
menlB carr 1*4 out at th« Scrlppv Invtitvtton gf Owatito 1 - 
rnpiiy har? eliovn (liat aca «a ter maj fcw etored ter hJ 
leeet ttila Igil^ Ln botilea of Ukla type, d v-elL *>&a*CBHl h 
ft ilhuul uii£l« r pj Lag anj m niU lo-creae* U thr alli- 

wt* Ip Qffd*r to toeHj 7 * thai th* botllee uri on 

the Carm^Le vouSd not glr* o-ff sslLoaio tn thr rm^r, 
thtj were fdiiri «Lth set vater ari Jelt prsmdlfia for 
■everul. weeie. NeveiiheleBB, Uie «ater storri 3 d a ln 
Oitheee lutuee ririi^teblif aeeidls that oftFlaiiAly 
«ere tuo hlgh. Tliefre IwtiLra ve re Jlnalljr dLacLrdriH-ufl 
tta ttivIU gbtodpri frra «Btor rtorri in th(m h*f e 
tam mer kri "njeclcd 1 ' in U«- tabdtH and bA^re oot b*eo 
lududri la Uu p aphe 

The reaujuB of allicat e detejmlmaiiona are expreeari 
ae me 3102 per eufrLt meler and, aa ln Uie cue ol phoa- 
plute 7 etjrreeltaa for aalt tJrar tua aal beee tuido.. 
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DlMGlTffC wygM vu dil^rmluad acc-ardkia tn IL+ 
if fflitler ttGBB). Tfee nl»r to be mU^wu 
-fawiltroifi HaAA4lL|n4t]#B (OceanG^T. 1 -A a p. 3 }L tfuMiagti 
1 ij ^ f™* p4totft“Etoppef«J tUrtH-Bfl 

hqna$ a -^bflMlly nppraiiu^j HWnLuuJ callbriitd 
&T wBigjtl mc ddFtllled inler tn tJ_J crun. Wh^n Uriwing 
A sanqpls, «ough wtl&r vas nJloved tu orvrfltaW t* Uw- 
oughly fluan aut iaj iJr -eoTitamULtiGd vaUjt. Ak ■**?□ a_s 
tbi tHttlfi flUed wdth Lhe BUML^Le, miQEtngiiii cQiL-o- 
MJft and A Bodium hydro ride-pitaerimn knBd« mixtar* 
»*fl a-dded, IVtiefi the rfrnuiLLn^ ^rctip Ltate had Dettl«d r 
hydro ctalorL e acid a-we added. Tae napd#t rert 41tnto4 
*^hia * frp bours ifter «ilflctlUE. The M/ 1&0 thitkBuI- 
ptuir noludoQ uatcl tur i hr i[LTiiioD vas BtudjrdLiAd 
Aealust N/ldfr pcjUjlkL lam rtlctocciate buUiU&ji iL mtf 
wand ocBUidertiriiic gfati&iL,. i&At i& p daya. 

Tfc* Ifttf+tU- wae re ad 1 1 > EJ ml and tho mutberra belleTa 

tiw rvsults are acctir*!# fcj ifcwut Q.tihinl per lit*r. 
Tht resulta «re eiprtencd- in mULllltera per Utar md !n 
percentage liF fUiturm^ra- Id QOCij^UQg tue litto Fp Lh. 1 T 
uttoiaU-QD Tiluca tirtm br ja&otiaen (1PQS) vert u»«L 
rns TlUuffH irc aUgtinj iwdow Uiow at Ita.(lKtt} P md 
WliijplB and WUpplE [1911^ Fbr temperatura higtar 
duuithose Ln elinit iai |a«bMn'B imblt (fl -’ 3 io 25*1, tbfui- 
UTiLkm Tujues wrre obtalned bjexirfcpel*iJgm.«fldbj godl- 
P*r3iw iridi Jh iablen af Fax and WWppl • and WUppJ«, 

H ydir □ h cm - do u C o n c«h t r at Io a 

Th# hfdf o^A-Lae cnn-r-HLtrDilpH m dftitrnlnrd 

tfllAP IfiiiLr InaJLr by mimiH of r dovblr--wd|« empu s — 
tnr tlmUnr io erae used ai the acrlppe Lastitutloa of 
Ocunofraphp for a namber of j#&tb (M^terg r LtiUa.| 
The GDopuutor ccmiifU eaRtutiil]^ 4f a re^CsnpnIp.r 

gtoaa taEdlTided bj i icrcLc-at f to» psrtltlgs 

lalo tro vbdE^>itiagKd cCn>pw?tn«iUB P ttic 4 Hjn<ulaaa 

iMiog ipfflrnaliufltc]? thoio fiv«B txj BUPOett DJbd B^Utt 
(IBia), pamiflly, 35 (EB l^Bg «bd 1.5 iB Tld#. Ib BitlBff 
i dBteraLlflariPD p «h# of the Mibpar tmMm ia <lll«d witfi 
uicId-indliealiDr saliiilon apd other vltL^i dMM 
BolrtlflB af the ume Ladlcmr. Wh*rt T^wrd IiptLmiwUI- 


Ifn ttfl £flltp 4 ii| 4 r Hin prH«sti iKe earir f rup 

ai Ihe wJtfi lbe e«ater repxeaenLL^g: (h* 

^ftn-Unn conrcBtTatloii ol Lhe haH-Lrm#fohrin^LoB palat orf 
rf the lodioatar. a fttitn sUa^ti-rd Ifl ttifl campiratar ud 
griduiten lota ti-ac hiuadri^J dirlislQis tiiiu glftb tu* per* 
centi^e Qf LrioudorRiaiSDD. or appur-eM dlmctotlm qf 
tu* mdlcalnr, Krom Lbe neaJe rullAc uui ttuj lndlutor 
COPBtsnt, the MrrAflpdtkdlcff dvgree of indi utor trau- 
farmalioB and heace Ubt pH raaj be compuded uurdli^ 
ichtbe IdUtup-Lng wmtlon; 

Tfaflre pK it. tb« IcvirLtJbB of kidjeator coasUutl 

aMt K ls tha &rtle rr*4!nr 

AII*t Uit mklJtioD of indicator b (ti« the ume 3011 -- 
centiLtina ae ia tlie WBftgea, t hi umpleto be- Euu^lyi^d 
it pLaeed ln a eua-U gLau bui tli« hhi* llqnid 

diameter af Ihe tf^l Tredj», Ttllfl txax Ifl 

_plac &1 abatr thr Jarfb tKK, ^hlch Ifl DltiTed UHlU tbfl 

cotoTt In rho vwo maidi^ ud theu the inie reidiig 1 « 
iaken. Botri boici si_Pf eflbtoiflad Ln a fclcfat-im-ri hqu- 
LH|, Ud trtLJLElil ]Le3lL L| tur LUamiuiJoD. The 
EuLmaiefeh uied qd. tbe Cana*«He. wlth spc^Lal mcidifli^ai- 
tlOU rH|mlred FOf iMfefi ii Bca. p «mA depl^Mel fe 7 R.Il. 

Sei*«19. CrcwJ red «? irnd aa indl-cator and th* ladae 
R.l* wba v sed Iot pK. Tbla Taiue prerlomaLy hiad beea 
d^tvrmlatd br Mobfrg itri BjjrttB ireu Tritu Chat ob~ 
talaed bf Baraett ud BarneM (lUl^ ouacL-e-Lf p S_l3. AU 
tus pM readLugfl vere cotr-Hlad Jor nlt a*iiordLaj lo 
RuuAfe und MULar ClMS),. tb*®rrMttdB -0,37 h*i*f 
«444 For aJl CaiB£*k r eamplea. The deiembutiomB ol 
pE were aude wddiLo.«. tww hanrs aJter ceiledUig the 
aamplea. fllne e the cmise ol Oit Giraegje. B*d& ■! lWa) 
bu Humi that tae pH nr tu tatrr fflUv 

tbeteuperitHre, Md Hmd thrre ii a aLmilir churc km 
th* Indicitor con stinrt. Ia th# c&ha ol Fti# Cirn#r3e data, 
coprectloae for the t«p#nmiFt affMt vera vjI m.ad.t. 
1%I| P Iwmcirr,, maiea thtn *omparalxi t vIUi 1 ugefL «I 
th* 4«ia pr vwhniBly pnhli lifid ud, he-tdWn* tbc ianptr- 
ahore nluea are aralLahlt, «orr^cUou na j kw applied 
wJiei dealred. 


pkbbehtatidh or data 


!hr remliaei &t chemi wd Iet« dMfAUdU Hrrltd 
(MLt hf the Car ne fle , tnpethar with ibo» od the ph jsde-d 
infe rti£fciifliia f are p resealed ln Labi* 2 (T-B r pp. Id 3- 267) ■ 
VUf (raphl 14 ^ ** p-i-p pp- |fl-SSJ. -me vartieal and 
bEhrlHHirtaJ dJstTbhuLlnn of Ctw ebranitAl «Hirri itucntoi iifr 
furti»i febom tnr gectlona mnitruct#d alontWMrpith of the 
cnile*. Tbee# correspondlo ths elE^inacctfconB prepared 

by fiTt-rdmp (I-B) Ia UlhSEriia tbfr tUutrLbuEiOB Qf IfflL- 
p*nlur4 P BnILnELjp Iwddifliiltf- A ehfcft stiOwiii^ the f» 
graphi t posltion* of Ih* KcUujia i» jl*ea in Jlgiire Cl. 
Fnquenl relerence 4a* Chiediui, iptiitb 
atailnna liwc-iuded ln «acta Hctton r will b neccnpMrj for a 
-deii uij-it ruti/idlag ol tbt dlBHiBBlonu ^ 
ejict pj titlona oC theu otelloafl cui he obCiLnrd frw the 
-totale* md Exipha prarlaual^ ra!*rred to. ln Utt d3»di^- 
sIdhb □! lbe chnaileai ctiii, eich consUfuent la tsikor up 

1 Oceano ^raphy T-A utd I-B> wlW4l flt Lb 
MJlea ia the p»Hut wlume. by 9. XI. Srwdnip^ F. 1£. 
Sonic, J- A. Flwdiafla imdC^ C- EnnLa Cl»**),- here alter 
tIIL ba ref erred to In thLi npoxt b 3-A and I- a. 


sepiTiielj and in ile foLlo-ving erder^ phi-aphaic r HIU 

cate,, hyditigeu-lcia cedcanirail^n, SLaJ oiypetL. 

Ttor «uta dw&alcai omvtlhuaat,. 1 tarlai deKrifCHnk 
ai lia dlEtrlbcISon along the njrleua etctloaij Ia gLnnit 
Lha bCElAALBf u-l ute dJfiCUdUDfi . TUflafl dtKf LptlDU Icl- 
LOb, tu ErncraJ, a dlsmcttn Qf the tertKil dlStrlHJaB 
□f lh* vubrtoTict ]n qnrititm,. Ulg oDoditdnnj being dli- 
GUBUBd ln a-pdpp IroHi tne« turfiu? dowiMFCl r ln ciaaJn- 
L 4 £ IU» fliitl&fii, Lt wUlb» 6 *t«i that th* Tartlhil diitrl- 
btiilobttt Oie ehemLcal oubataa£*B uiuallip fallowa Uui crf 
th* phreloal ■MMidWiMw, Ui*t i* P c*rMt3a- mo±«- lea* 
dlvtinci layers or ume* can be reoopil#™!. THe. uber 
Luctoded tu the dlacuBBlona ut uv 

1. The cod.t*cIIbd or Burftace Larer ^ m Ftilclk lta« 
ccmdltlonsB ir« r#lLtlir*lr uuLforni vttta reip*ct io deftfi 
bceay&t ol JB=Ulag e| the «nler ciiuaed bf LenpcratHTC 
chififf**, *W*,wid<ilh*r AfWlM. ThlA l*f** lluhikl- 
\j l4if tbill 100 Buclcri i n th I vk-a rp*. 

Z- TTw traonlU pq rem e &* dlranUnUllHf l***i, lucftileh 
Ok«ra in a rapdd ehem** tim* eorrfttIdoi* pf«mU*| I* th* 
OMiTectacMi Layar to tbone chAncterlRtiC nl decp vat*r P 
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CHEMICAL HEBULT1 OT LAtfT CRUDE OF CAUNIGIE 


5. Zonea 1 i&d 1 correapaBd appronaat elj to wiu.t 
Defuit (lSXft> calla uta tropaapiliarfi. tneRtratiuuUi whlcli 
Utere Ln an acftiTt nJr«uLiiELi>n *JUi rilltJf&Lf laj£fi Wl- 
atlon a dn baperflivc and sfl]in% r IU lawpr llm.ll cfir- 
reapoads, aeeorilnf to £rerdrup (l-A h p, 4J3j fr to Ue ifl D 
iwrtlihrin- Ia tbe Pactflc UUa la found at 5*0 Io 650 me- 
taro fcwlpr Qm luriae* 

1. The Infer benrecn Eta iTOOMBphisrc notA tht ita 
bottonD, Difuvt designatin ni tue JtrH-taapfrgrg . Hert 
IEB lAmperahire and aaJlflSLf cMilges Ui Ml&tlTBly 

ffpi^l] »96 thc Wfllw paiOTEpitulp 5r* hLuw . 

9iace (Ihe= watcr Laycra MVUEB«r«ivd alwris aro b^HfJ 
un tTi«e diptribnfclan oi tne pftyalcais coadlti-oas, and B-laco 


ttm laber do wj-t unTB mttmjmkI eo- the dlMrlbulioR of 
tfitmical Bubetuicea, th* timet of thm hf en u* not 
ilvafH uj hL ln thelr aLr lert pJijalsai nenue feiit oelh ta 
dflll£Oil* Mf di^rlhi^i] *f Ita eh^mlcaJ wvb* 
atificm. The iSflC ribg(U>n of llipw, u wflll be shtnvn 
La to r, Lp Oie rT^rjJt not cuily of ph^ai-tai for eoe init at bl- 
olopkai ajjenclea u welL 

A trlef deacrlptlafi urthe geognpfitc arcuo u, lo- 
gflttier wlLL nume :>f 'Jle nulntiiidliig bynmvngrfilc GPQtli- 
tlDU-B en cuunt (*rprt, irelwkiim the tfuctsuBi nf the msbfm- 
tlon layiw ah ditvrnlnHl bj tht d&pth to vhinh. unlioriv 
jiftipHicil vat* famm, ia iloh. 


CAJtjNEGJS SECTBOIfa: GEOCHAPHlC TOSTTlONg AWD HTOBDBRAPHIC COMDSTK>NB 


AIIauMc Ocenn 

fla^tlqn i JsULtltfiiR ii fa 1 SL ■*■-TO*i>* moragr Leva 
ftortu ud SOuth fiecLLun Oie Hortfr Atlantic [irem 

13lt flran<3 RamJkJi 9ff Nf^DUKUuid to latLtu^ 6' lUrllL. 

autlori ]3 ii? located on Uie Gratul Huita, alition* Id U» 
L6 Arr ln tifie wetterc ALlaatLc Basia, |7 and U 

an t he AUajtLc Hletfts, and ataHoiu 1@ U> Ir the aut¬ 
em b&Rlia. Th* ciidai *ff thia ReeELon 1 b ln Ui* 

Sii Wh Lch ti dnM-ncl«rlt-edl bj warm water of KlflhaalLD- 
itj r TMa Lp ccntered at atdlQna IV and IS. To Oie n^tli, 
al ptaCHPQ L5, there Id a i?F tht »14 wibr of 

die Grafld Banta ood Oie nn^ A^Lnulk? watsr. Thia lv 
aheirn by Ltie t^raperatyr^ and salmlty charta t» i deptfti 
of 15 DQ aart«r#. Tfifi- atalkona aouth a r fhe Sirganao Sb« 
Afe Ln Uie Hortii Equ&toflAh nrlfl. itu lm^rnadlitB 
Altlf ttLd Currui thfe j™tK ooesph Ln al ?00 me- 
t«t and fdend» «p far nortki as at-atlan 10. The 
tdn-n hyn ia aboul 50 thlck Jn tfc<e- capit«J. pari of 

tfae sectloii at>d «"bout 15 meterm 

frectlea U f$££j£M tt ML--Tto pectton rana 
Aisprmiiliatd j tnit and nzst ln Oii troplcil Narth AQua^ 
tlc aLonfl tlie paralleL ol ibout i.2* oortu [rcmi Fiqaiib» Co 
3-T a w?Bt Longitudo Stfdl«4« U tc 51 ATI Ln thRCAflb- 
b#£A Sei F flllfJaha 30-Id SA a^e ln Hia- FtBtrm LabId. of 
Oi= AMsintLc, 27 la au iha Atlamtac R Ld^e, and sta- 

tjppip 15 and 26 are- ln the oastefn.ba.PlrL. Thr otitin p ki 
ihe eajtera part M UiIp Ms^Uan Lo ElDiat7- 

rlflj Dritl. Hkfeae in tii-t Tdrtvm part ut ln the ccntUu - 
aIIob <rf t hj» drlft luto the carLbtwan. m tb* sal init j 
chart Ilii interis «liate Afitar«Lin CyrT«il ta cl^arl j a-n imi 
FliUIIFlA lB At Ulft AfkiUi 5l 700 cactcrp and sctendlng Isio 
tli* Carlbb&ui bejond patior If. Ths enarettloa tone 
tlinm^lwvut thlp H«ctIovi Lb about 35 nupter a tuLrk. 

hi LBcelkaseqaa AtkaitLIc g-taLLodP . ^ | ^9 11 

httTC rist bfrpra utOLsed Ln Oie ^on^fr^pElB^ gf TFrei^ll 
BtttLGDa. SUtlona I Id § irrr riccupled al lb? bfflnnLag 
olthe crplae »lien Elvc pppaLratuH and techniqias were b* 
Inr ptrlfctHi Bothat ttie resuite at Ukeae aLitlam. mkj 
fhI bd iw ABeural# aa at tli£ liter Aiiiioim. TKp 
ars loe at«L btl-peeathe Uislted AtaE^p, IJus Brlllah IhI^, 
[celAnd r and nevroumUarHl, 

Pacific OeiAA 

aecUCiim (StAliDdiR BO to n and 40 to m -TIUR 
A*fl.tlon 11 qb in the eouttieiSitej-n PJeLELf.. Tt h«([diLi. At ap- 
PTbKlnetel; LatLtUd-fi 4D " s^iith W ]<hnjfLtudr | fn] f Vflfd 
amd rtiaa north-nsrlliEAil t» Uic MApt (rf deruat latltude 
n M frOutti whenec it Gontbi-u-ep urtlLWifdtn the Cu-if Of 


Digitize-d by Goosle 


P AUBLSL. BtitSfilLB 60 Ifl S5 P WMItb &I 30 f KMlltA, flTfl iB R 
brastkt «f the Eknilb Pptlllc East Drdlt *ldch 1 p pn pppra- 
clabiC cwttdt t4 A rfppth «f MW nritlrl, Statlod* 66 b 
T5 h bvtwpcD UUtudce M) fl nnd K s Hgth r nr« in th* 
KrUnnrU-fl^RlQf P^narlaa vr Humlwkde CiutreE . fitA- 
tlflhD 3^tc 27 are luLeltuelHl ln ad iae.LcythsDlc monemaoit 
ln tfie Cfiill of PaEunu.. ^tiLlou- 67 to 72 ire ln i re^baEi 
otf Ui« Hut of P*ru -wHer* opw^llin# senrR ki 0i< op- 
p«r 300 raniRrs. The IsEprznedlnti wbErf &W th^Scoth 
Amer Lc on eoaat fLowp westvsrd tetreeo AOO and 700 
ueiere. ln thls ntctLun LKc Ltik_katrio uf the- t^vecblan 
lijer lp Turlfttilc, rmr^fnfg freno i fer to fQ mrtpre, 

gtall^ HB acri Hd ,—autlam- 6^ a.nd 96 ln thrt C rn- 
trai American Blgbl vere aot Lncluded ln aor aectlan. 
TB*T ire sitjuited ln Ui# ullius ]utllude ai thn| pari of 
gBTtl^n m wti Lc.K 1 Sca bstviRQ ilitlevoB 97 Asd 30 bnt in 
clepar IdIatkI Ehui Eha latter statione. 

IV.43tfltlanp flJa 4Sh --TkiU pmUqu Is sIpq 

|P Oir PmcIfLp, BOrU» Sftd 

Krtth fr^EB lalkrud.-? 39 D wvth t? latlMp 5 q mtli -and bt- 
tveeo lo^BltudcR 115" LDd IMi* wett. m Lhe oortiiem 
part of Ihe awiUun the eturredrti urt vearterlf, ln (he 
Mouthcm part thef Ar« fejf hndefLBHi vlili a pojtBlbd^ 
sartff ly myr&mM. Tli# eDaveclbce Layer Lb jam tutat 
dhJtkef thiii Intbp Lapi spcLUlu. At p£ptlpD.46 it Is 

Eit«tr o, ii SlaUna i5 Lt cir.tcda flD niPtPrP, but St StSlkU 

51 311« Loan thaii 35- meiers . 

agtuQB v maa m ta atMiH m i6 ^,--tmb 

Aeetlon nans nartheastirard Frcm the Suunua lAlandA 
(litlttule 14" soiiUi, LungLtudi 16A" veet> tu 3a_n Francla- 
CO (lAtlblit 31" mrUi)- It C«U Uironfl^L RtTtril cnrf Pflf 
aystema. To tb-e extreme nnrEheAst ks the CaSUornU 
Current, with upvelhixic wLtkiLn Oie- uppar 400 metera, otl 
ItL-B taim nf CflJlforpla. SJtatLonp ISO to 151 are ln the 
WPS Llrard-flnwlup I^ab^lSl DrlTt. SEitlQii 1B3 U 

iattic BPRl iGlkm jrart 9l Ult E^WiWrtSl narrant, 

whlch lo a awlft current tmt fUendB only Da i depth of 
200 rn.eE ers_ StsELona 154 la 156 tre aouth of the most 
aelive part ef Ulla eurreat lut Ure w ater »D^eM8Dt at 
\k±At «UtlOuE AlBO It U4«tl^ ■ SWth Af lAi 

tm itiP currintB are midvrlf, ataJbon-a 157 b I5fl talhf 
Ia the btroiifie Et pari of the South ^quatorlaL Drltl. 2n 
the e^uatnrLal tnr-renae ther* aure irrpfialar TerLLeal 
watfir ninTGJficn L:i. W3(h|u II 15 au liat ergairtii IR A 

StTOTiff descendinc moilon XV>d Rt Ltn bordrrn, | t rp at Lhe 
inner bordfl-rs oE the KotUi and South Equatori al djlllR h 

\hiri Irfc fttrbotf iA^BUlln^ ETiB BiOfe pPij- 

r»«Ficcd od thesp Kclng Lr Ut* Knrth Eflvaterlsl Dfifl. 

Tli e con rectio n La^ rr ks abont 50 m^trrp ihl^ frqm *ii- 
Uoifl 130 «tu 146 tnii dacreaaea bo Igps tham 1<D metere ut 
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ftaLloa 151, Smvtfti od Dub It mereiiB#B ibopb oj Ibha 
. f AfiilATly, IMI lUtBFI Ut fltitlflB lAD. 

S^ctloaTT (Sbtlm lifrta LiiU -ltla settioa li in 
ihrn BoarttMlIterft P*clf to fc-gd rmi fr™ TrtficlMfi 
-rw-rthweBtwtnS to b poiat nuth od th« GuJLT of ^Uiika 
(InlLMc SI 4 u-rtliK long^tiadv 1(1 B itrt}. It llflt io Hiv 
ciAterB tnd orthe Horut Ptclfic ¥Frut wi&d DrLil ud Lta 
moi- rLOVlfig cflniifluy.Lluii. the CTillllflr nU. currui; bom 

fif Milfih jltb noliceth] a 14 t JfipUi uf 4W metui- 8ta- 

Ufiw ltd pwwI 114 vt Ln dic rofiva «f cMIt Ct Cl]t- 
ionI« vb?T« ipwullifig OCCTLTB ntwTd JW Bf^fT*. THr 
coaTection Lajer 1« tHln, rftctilnf b 4#ptJi greater ibam 
50 Brttra obIj aE. iUIEdb 134, 

■flECllDB ~VTI HS ta -Thia U a tnort 

nr IciJi nortt «ad «quth nuet Ena In tot geoIieJ FOftU Pu¬ 
dito fcpprQiinutflLy ilon« Eli* meridlin af L01T wit sqd 
cHeodlAg Inu th.# HmlLu illudi (latJtude 31 * naitt) 
lfi itA nL IUJIndli M' ]n tftli UtcLLfih Ili# CblFflBlI 

rnit «eaL, beLqg inouUy Eaabr j Lj Ln tfae nfirtbfcra JHft, 
lriiereaE la the »olh«rQ part thvj are veittrl^, The 
«ijTLTe-ctuzm lajer la gene-railj alwtn 50 nctnri dUckbut 
mrltu nou 4 d netarfi al lUilau L43- la th metari uL 
jtitJan |40, 

■SflclLoa TlII [Statiam B to 1041 — -TMj UMtlon ILub 
in the trapld&i vuLaja PttlfLt, riijuklAj trcntha &ub- 
iililindi (UULudfi 15" *>uEfc p l04£Lkbde 1T1* vaat) urUi 

«*i to *Mlgp iW OntUbad* SO n 12* tortato 

LI l c ' 1P' ea.pt) . This ia b aeci Lon ob]kq^«3^ aeroae th-e 
equator Lai curresLt Ia the wcetuii Pacific emullar to 
aecLLoc y Ln Elie cenuai Facili*. autioa 94 n ut tn-e 
canter uf Lhc ei#tnjrd*rifiili£ KtmaltirLal Caddir cur¬ 
ri ni lilieta letcfiii a dtpto cd 300 u«t*rj r To tlae noitu 
ud -mth flf Ihki tha wutcp ln the # 4 ulBrln] cumnl* li 
noriog ln Eli e oppoaite» dir ectlon. Ab la£Kik& Y, thvre 
bti fe-rtical w ater DDTem-HHte dp&cs-ndlng ia the eon^ltr- 
ciurreel a^ aAb£iictla| it ile 'borduB, TSe- c-dbtmLIdb 
liyfrx If it Lrajrt J5D mdlAra LLltk at Uit m/j>l n^-rLh- 

nftjAm «tALifitt, KtAUBn 104, W urrevfi ia lw mitAri 
ut itatton 93. AI utatlon M, ntar tbe equitor, u l* 
KTfflUrr, imroutljaqtBlj 154 n«turu P wtie^ru po^thod 
Ihc squatOT It Ii atwnt 50 netwu. Ttiai U wTIl bn bwu 
Ult UL ttii HfLkltfiFlli FflflOB ttkll HCtlfiB dltf-BM UUld- 
«riblj Eauui SetiioA V vher#the tojLTftctio-ii Lajer iu 

MlriiiMinly tbln.. 

■taai »x m hpwtm* f™ 

trw (iun KlAtSIvdv H e wrtln, k?ngitidv 144 q raft) 

Dortfc to EFtat Loa 113 BP4F Tflhnh atiij 0»tSfidt 30 P nrUi}« 
Troia b#re Lt conlliuifi mrUiHfl to stat Lon 130 (LuEttnd# 
41 r 00 r ncTth, Luialh^l LIO* I0 f **cL), SUtlfiu 107 ud 

300 in che pdelhvm par( -of ite ae^tlnn Uri mlthLn UA 
mterlr-BDTlng Kortb Edimbirial &rUi, \mt firUiaf 
«rtk, at tta tionj 104 to 11 l f tfaere la a vnk C3ow «E 
«tar «utnnl. Statlau 111 umi 113 are la Oie Ituro- 
>?f ““ flAwlag urtbnnk 

fcJoil# the r* pt cnafft gf ]hjkm, SlatLncB 114 ud Ut fil« 
locitBd m the rfrilon «tier-v the Kgjo shlp and jl «uOl- 
Honqg eureal ef eokl «ater, thi Ojaihlo., mwft P Unu 
flilllAf IfTAfUU-T iUrr4AL§. 3t«L&tfl llfl 10 110 BJTA tl 
u auierlj eiurr-cni oi cold «ler foraa«d partlj bj the 
taralec *a*i»aTfl Itemt lie OyadUo utL partii 

Uj mlfr flufctnf: £■■! fnu IIl a BtrUg SftB- STerdnqj 
AM£t thM tbe SDurce o i Ilie IntBnnedlajta wvt«r 

?f EUt HarLb FuillE, wUcb tlrculileB clwkwlH Ilie 
the wittor Ui the impfibpbare,. Ia oeir fitaliona 116 ud 
l) 4 p' ikn ttafl tw? tlim-lABdllaafid nirruu cn- 
WTJI. Til &3D¥lCtU3H ]*T*r to lii KUU flf BtUJflA 


112 lfi 40 m H m itera tluct, tui to ttas uorth of staUou 
Ul P u la IfiafithfiA 10 u£t«-rs Udtk. 

s o i to ajfejflL-nib ^ 

id»a P La the flcnattiva-at«r r Pacllic, runa Bontheaa4mrd 
troja aJ&out laiLtude 2*3B 4 u.tB aad. LQAgltnde Ili" wat, t& 
LfiUtude ifl* Utilh ud LaugUpdd W 7 mt. b tht trtpO- 
■phtr^ ibr currmia tqtl [ggslkj to ltl« P 0 nth«a#l. Tlw 
nuthepn iBd of Oi« s«enoB lfi Iu a pari -oE tu* SaulA Pi- 
tllLC Eait Df Ut. TL# bdbteeUdil lljftr ll tM* r mwQ|| 

5 0 natera «hlItj ai mbiiniu 3 l p 5B, M, 

gfflttil ■ad lf -Stattoga 53 and are »1 eaf- 
flcieatl^ ia. LIjlf wUli othei Btatlona to kn Loclodei la 3 k- 
tdoifl X. Thcj LLe tci the norU of rt at Ilis S4 arui nat at 
stAtlofi 51, flUaLTi -of Eiolfir Jktafid. At antlou 91 ud H 
tfae eHvrecllDfi lajer La Ihla o al dqpI of Iha ititlD&i La 
S*ttJon X . 

SfrgtlDB %J CfltJLtijaM. 05 ta Tll .^-Ttla ifittloB rui 
p-ra ii icadLy e a ei ind wtsi bclwe-eii laLItadea ll* aad LA* 
amni. fSrbin tbe- Siranaa [alamlC- ridafltudt 1 Bfc" vert) t& 

callu r Fera (lcn«IMv 73* *Ht). Tt* «tat UiU to lh« 
rtrf ne ei-rt ut b thr F4nH*ii Cprrfqtt ^ 
ol BEiwc-ning alQBg the PcmTiRa «Mit- Tha |«n«ral 
imoTBinciLl or the nt§r t htmifir p thrcoftcict tue apper 
lfij#FH er thli aaetloB u wutvuti. ftqbl lfi« eeut (n 

LAAcLtdd# ISO' «#Bt (filfiJtlAhJ Lfi SO) dL¥ieg#Bl 2111 - 
riilk if» lfi a AA0Ui m ]M faWlmg lfi U- 

c rndljijf n^oa Ln |fti« r^om b tlie i?f Lta <Ja- 

lalajide- Bclow a d rj?th of 200 mvtrra 9 P 4 «r 
ironi tle aoritiveat appeara to dovtonrtl thla re^ton, 

Eu the vaeieru part o£ the aecLlao tKtTKii Jui^Ltades 
13D ‘ nui 1TQ* erret (atitloiu Hl to il) ttie wrcuti iurea 
conildo-riibli! OTJwponsniL fnOni the «ntti to a d#pth of 
300 mtUTS, The uortlnrud Hivt b! tsUt towd Cha 
aquator La prahablj Interi&Ltteni, thiia tiuaLau rertlcal 
uflre±A.ea.ta GuE juaj brUxf anhaurtaee water to d» aur- 
fu«, The iBf iW 1« wrf thin *f| iArf SidJi 

Aaatritan w^rt, aortlF Ivh Lhquv 14 meten 11 

Lucreaaea mfitn_r4 k TfAchtuf lovti Uiao 50 ®ctaxi ad 
B?T?rai 

S«lloii xn iautlMMii 45i lo 401, —Thia MWUorL il«u ln 
Ihe equator sal mlheaJiEra Pipllle, i-rf ulMLa tppmu- 
Lnal^r a Idrb Ihe paralie! udS 1 arath fron konrlMt 
145 * w&st to Soatti Amer^cui Eoaat. The curr^aie 
u# reai aad tuflefUUIe and Lite lUtlau ue ln the uh 
dj Id« Lrmptritiirc vUdi vAitainl leam the 

of aflito Aaier^c*. TL« «a»ra«tifi&iarfir u mia at 
lta* tonet but kicruirB intfifd to i-kwfil BQ merta r* 
d«ep fit Ih.# weftcrujiiofit BtsiEloui 

9#elloB JJTT fwjtiflm 1QT to Thia fiHtku ii 

lathe tnpkd veriern PacafLe. K rau nstwd Iron 
Sutu (utlhaie lt 1 urtu, kabgltiMle 144^ «st] to iHtlon 
ld at latltede U* U' ufUi r m^uade ITT 1 17' aut» 

E- rs^ulir nrT< b Eli* urUi With ItlLlDB lM «1 

lutllvd? M' ir wrth, 161 ' I9- F tHlr Ttii tw- 

TitoT* townri ihc wr(h dicltatf tot «hufi^tfirUito varti- 
ceI dlitiLtauttoa viudi iiwhib Iu the cntral pwt uf (tat 
saetUsB. The sit Caee curreotj Ib Lhli Mdicia ut «evt- 
rrl]i «xeipt at stitloi 104 vhi-r#. ii Dia ipper 50 met«ri r 

tber« E« pmbtMf io «sterlj unnue-Jiit. Ai eoiLT«tiu a 
mtr lai a* Irnat 5-a mEt«A tblelt tl *15 MiUou and ap- 
pronclifiB 1 W Bfttri at pone rfatlvil- 

toidflfroB) the UuvfiFjfiBlflUndv io Sau Fruclicc. Stu- 

tluiu ISO eo 134 lt# Luc]ud-Hl alio in^ectlAU V, n_Kl?r 

vueh Lb#j vure AU^maHl. ShlMi uatovAei af fiLuilna 
]M to IrrflpJwtwrpnUIWLj* 
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CHEMICAL RESDLTa QF UkffT OHUlflE OF CAfiKE^TE 


mQflUjlroa tl* DDJifc* Trum fftattoiiB 1JS 1v HfrUwrt In 
A irtriHiSdif,rtnt lonrd LbeFeat r trufi. tzilt dimln- 
liAMF^Uy iMlffwElie mirfufie. T3K «nneofion lijar i* 
ihout 141 thlefe tA rthAiflt&nrr-flrtoJ tl» j«- 

tidii, bul Lrtn a thaa +0 SLftLers Lu ifce flouttiMsterii pari. 

g^cuoii xy Hj i* ijfl , —teu lau «ut- 

w*t #e«Hon Lq th* cBnUi-l Hflrtii Pacific Mvw km^i- 
hrtw ISI" 141 “ Fert flt st*m JrtitwLe H* »rtii. 
ttifl currcnta Ln tfile aectlui are aomewr.at kfldefLQJie bul 
are ckil-Hfl j m an mtirly dLrectm vhtu a pciilil* ton ■ 
pone-jlt t» lft4 «milfL. Thsfl «ftdVietl4B lajer in l««i fchaa 
40 Baetefa bi rttptX. 


flaiaM MhflM-lHJft Mt -tta aeeiuofi 4 - 
ttnda lm ul eirt-jMMttieunerlr dUdcLlcm acr^in Ute 
■orturo partoi Die tforlh PidUle Jrtm staiion lllfUt- 
Ihrt* O* W wrih, lOB&Jnd* 4S5" 3t r «net) «Ut nf 
Hiih^rn |npan to statlon 125 {latitud* 51 * 51 1 oorth, 
longltude 150 3 SO' weetj scratb oi oie (Sull or Abiki, aM 
ftittiada &JQfl( tbe Aientiin TaLaod* Jr r.in ptnikuii 132 tfl- 
134. The ttfUrc rectiM Hvv la Ui* twrtlma par* rf the 
North FacUic veit wmd Drlit wiuch in veli derelaped 
tu 500 m#tera. Tbe «iHivectlAn l*y#r ln neri Diin, mart* 
JJ JbCnl Ifr ine^KTi, 
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INTRODVCTB3N 


piujBfihHjtfi amd Inpr^nlc nltxoirfrji wmpu* 
regiTd&d b? mar*? occ anagr a.pfo*rB as fa&ti) rs 
and Umfclng Ihe producti cm o-I Life id tbe -a* a, For ex- 
ampLe, In the HuiUi Sea F Attniia and euller pa- 

p«ra\ H&j-vey (iBZB, 192aa) iud Cotip-er ( lfl SS/Tound [hat 
dorlTiff Chtf BHimD.Kr altbrr *hc ptio*|* at e e? th* altraLe 

conreirt ma .7 bs rwfoiced to a jwlrct at »*dcb ll 
detected by ejteeedliugly fl«inti.ye metlraiH, Ou tti-r othnr 
baml 3 Mab#rg C 1 B 2 E) reoorle Uiit tha va,Ecr aiong E hr 
eoart Of ftfclthtfh CUlTdrflM il«ja ctanbUnfl 1 ucriettut 
quaiuhty ul phosphatc k> bu^patI plpnl crowili lllhouglt 
Uie nitrata may be entlrelr Ladung In thv uppcr 15 m.c- 
ter a or ait»re durLng wnral nuoniths Ln the summer- 

Xh.c rarf:+Mitra.lLi*n uf btith Enib&ta^ic t a Lfci sea lltET la 
cactrfldLBtlj tORll And iwUn ^ruitdnrably, nui OLlJ Tlfth 
LhjB aeaaon ,mit wlth de-pth -anci locality as wilL Bcr.au nr 
or tftla var latuity and beeiuae af ihelr Impcrunci? [&■ tli* 

I Ur Ln Ule J 44 , th* d=t£rinbtiMLtiii GJ UlM£ fflibfllili 0 L, 


hats trten includtfLln meat xeceint oceanLigTupluc pr c>- 
punj «EJitarned wlth Lhfi Sttidy -:sf OtolOalcal cwiciitlwiB 
Ln tJjF- wa. T his da «ej^IhIIt Lr» lor phnerph-a-te for 
whlds UUa mettiod 1 h ni-^r-r natlEfaclary than lor nitrstfcs. 

It 1 B nat alwLtja j;xii rl Lrab 1 e tO LnrSude KU Oie HLirne 
ptXfcgr Lien Ihe daterEoInaliur *| all Lhe plani-nulrlfrrit mub~ 

that prma^jn in Er? »ator Ln erf^d?rtl? 
a anali auiBtUleE to tsr [>oaaLtJLe llmLtlng facter b or the 
groTfh ljC ptaniB. tt na& been lournS r nowmr, eritt ui 
rule all mctt flnhafcdiuoa paralLel ^aeli otnej an Uieu 

Ci?ufi^uEEi[i r a wsmblf di«tr pi.esiafttf 
ihfi hJnU>n;J<;al fnrtLI Lly uJ ne 4 ^alpr c=-n u^oallj 
Uinrf by detercH Luinf onl^ pd-t mf Ihaaa substAnccE- 
rhe paralLallEEQ Ln lhe dlstclbulldn of raraaua plani 
BMir Lenta rara reuflir be nEaderatiKxd aLoc« R«fULerd (1031} 
hila polnted aut Uuut Uieec atibdl^iicea occor dkaaolTtd Sn 
ana *ai«r Jn t ht ume ptaporlkOD ut In thfe whul« plajJt- 
ta-n.. 


VERTDCAL. DEETItiaimOK 


P° Ole JlLunviniEod *l=trr Uyrrp fl^U tbC WfaCC 
whfr e ad^qaaH’ Llflit pera ito nn actlye frwtii or phfto- 
piAnuaa r cJlei pboiptiAhe oodecjit is 1?hb tt im il luvcr 
Lmli rhe phuup(Lai&a inii Dtuer jojlrseBt iod 0 ars 
lakvn up fr™ ttiE wAlAr im the SyUt^dlS Lf pluE 5Ui- 
stanet-g. TKls dm-Ln o*i 0^ nuir Keul lunm eoBLkm* 

uMU tbslr ccnccnErsitaoD bcccnn^s ao lyw ttmlthnr 4*fi 
ruj. Luii^tr be* utliUad and. piant actlrity ls eurbilrdr £f 
enialL qiLiinUUsa «£ Lutrkcnla ui bckog supfhU^d irom 

grutir dnptiiiL br nmcttn currenta p iKrwsfer 5 or ty 
decEmpoBlIicML oforicmdc raalfirULl rithlD tue plwrtaayD- 
thebc ioate p a sio» groirtJi crf plmita wij occur, tepi- 
laUJ isy d nutriant b ai?ailaliLe. ln Uda vay 

b pugiliuliofl a*aj act to zuBlnlidn a «hlUh1m>u4 

li&pSiiiinn nf i^utxitiiit* ln Oie Ly)p#r- watar Lacera- TKln 
apppwitly In finixiain iThipIcai and aubcropIcHl 

LaLiEUdfi& Trtwrfl ttlE sdditlonfl' 9 f p^bM-ent* Uw aur- 

face la/er ire amali and whrrc otber iactiirs cantroi- 
UIil e ttie Ejru-wiJi of plixo, aucii as li^hl Mid tcaDf^ra-- 
(ure, a_re Fanraliie. FIlub, iA chajiiv najtt&gke eluLloiu 
Lhe (furfict #a.E et vMnjnfld B nm PO^ per ^lc n«Ur 
Or Lebpi. Where Ihr phyeical faclvTB ar* mt w fRirar- 
ab|p tor pLftni Rrpvth, -or wtmre ccmTr^tion or odior «r- 
ii-taJ m-er moTansanl» carry Lar^e-r qu5.n(l t Lea mf aatri- 
eoba tu tha p^otSc tone (aa Ln hlgti DalsrutleB prirticularly 

ln th« ^Uit«r} H the aaoust ar iwtriedla brbugtis into fhc 
upper liiyexa tnuj (JreOl tlUL utLLl£H3 by plaritM Bnd ia 
b cnn^-uenci ULtrt *U1 he mji incrcase Ih (for qpflntbtT 
TiwsphPftfl Ln (hrBs layrrB- At !h# Caraial* stati™ 
nouth oi (K« Al^utiar [nLftnda, auxfa.ee water contuiEiiiif 
more than 1(M mg P &4 per cuBle caecer was Eound Id tiie 
nuamer. 

TU e depth toxhich photasynthenlstakea place 7 arie-a 
FlOi th« litlliKLe h Uie aeaaon <tl Uie ytar, th« ikirbddlty oi 
Oie mattr, UiedCDalty or the pLuoktQn pupuialauo, bjhI 
prnbably nllinr Ur.tnrii. In Orto Florii, Gu.rder iMl 
Crnn (1027} Eoiand that at 10 n^ti-rB photaiTTitheBlj and 


reEplxaltoD b&LancMl tuh ^Lti^r, iHerna HirtuaLi aad 
□rr (ISIT} fciuiri tMft Moditlon at i tieptft ai £Q to 3U me¬ 
tere ncirth gf Srutliod Ln ttie Itummer. Id lunur IlLltUdej 
aaid farliirr frq-m Uii coiol nultafclD CdOOtUOttS for ptiOtq - 
ayuthceia unaulxl UDdcubtedl^ ba Eotuul at cou side ra.bl y 
fraAter d«p4Jin. H flLould be redl5eed F o& cour ae, thae 
e f*ii at dtjjlha whtre r&ipjritlon ia Daor# capsd thian 

and ather LEtOrjiLBl^ Bikfci- 

alancra nxtj CflilWHl cd foy planis, [i ln ]MinriLbl tt that u.11 
d«plfoD at vfiteh plflnts are faund ib sofld &onrliiinr nbn-ulit 
b« Lncloded la me ptiotosycrthallc xan-e. Acccrdlnr to 
steuflr flftlA) phyej&pLiflktGA rma b@ea round at a de-pth mi 
400 tneteri biA Lt Les Imgrubltiie tftlfc LCtifa E rbirth Ui- 
ETurs at Utla deplh. ln mArt Lcii?alfiti#d 11 la pr^bahle thaL 
m irc^rt qiwjiiH.lei of pH^nphfct*-* Are epnwnsl hei** i 
dnpth o£ T& lo 100 mrtpri. The vatcr r l*owfTcr P awy bc 
d^LcL^at m ph^sphfltt m mutti sr^At^r d ^pth^« 

The depth to Fhlch rery Lav cartreatratLona of ptwn- 
ptiut« acear is greiiiji uuiueocto Lhe depth o£ tue 
cunTEctJtin 3aytr. Tii renig iiuut. Uta toa^act l-bn liyer tiie 
Cflnce qtra (Lgii o| ptig^phaiE ]« Ptflre pr l**tunlf&rlh F *■*- 
Iras lh^ Uiorou*> mtiLna af th* ^^trr, If th* ki»er 
UmLt ol ttie canwNtJon lajrer Is balo* (foa phoiosywthetLc 
aoae r unifaruLly low concehtraliona «t DJUlrleDHs wlll ol- 
talD. it greater depUia EOui 1/ 41 la above LtUa eenw. Xnua, 
Lcm U iR.ni IO EEfr P04 per cutlr nelsr V«f< ItiuDd at 

manj shatli™ Intbc Nor(h Fi-c-li UctC deptoa ffrfateir 
(luo 2W) TnelP-FS, It Ib protaiMe (Mt (IiIb war 1104 owlim 
to a et Lt4 frowtii Lt that d$pth taut jalhs&r to the gnAa-hU 
conditio jl oF the waier inthe upper JOO or mor# 1 rsiet^ra, 
«hleh perm LtLed a cho ro ngh m Utdng ai tn-r mar do*n ib 

Uleke dnpfhrs. TTiLa £Ll L&Vr&d Uh-e- pldDlB DC^rer Uti* BUTltC C 

to maLntaln Ib» of n*trLMKtn 10 depihB 

mucfo beioi tbe ptiotosynth^tlc eptk. E il alto paniiMe 
1 nat ln arcu ol iLfitiog, vatar of Io* phciaphair ccud-rrit 
raif be earrsed to gr«alar deptbs thns otuerirlfle would 
bnth* 4***- 
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CHEMICAL HE&PLT3 0 ¥ LAMT CHUI5E OE CAJLNEGIE 


Extremtly Lov cs orent ratione oi phMrphatt: cun^c-ur 
ln th* plu jtuftjnlhtt it eqdjc or ln the convection Liycr oniy 
vhen there Is » emrkrf the* mu BtritUtadjUGn ol tiae 
waler Layer» be!ow tKle wnc- Ttuia r La W&4F< i 

Lttjrief adE wit-e-r of Eaw fjhu-ajsiiiie conieat accura, there Ia 
a Atramr JrfHilEy crfcaieBt &ten*»Lh Ulla i*d£. Thia 
prorent h aray great smaunt vi misiiif thr con- 

rectis-n ukL the lajeis D^Iqt an4 thus Ik-IpiCsb fh® 
plv&ephaEc Df Lover lerela irom the phobMjBfbnftlQ £or.e« 
In r^gLuma wtiere i SLrtmg fhenaicicLkne dnei not dei-elop, 
thMfl- Ib Tvwer ar timSuce Ums esi lh.h nutr le ni sali a 

in the suriat® Lnytrs. 

In the liyera ol water below tlie photoBynrthctlt sw?nr 
pboaphaie Ia ILbe-oiled fry tht decompoB Ltlon of cr gaule 
drbrl n i4J rjs.r.retary ju-ehIiliiLh Of hOlGfeQle O r giOi S-ffla . 
llLCUT -fltilte dl l*act*rJ*liOfcf 01 

Elie aea we are iinataie to state the natura iri iLl the Tm&- 
terloSQgLea] proeeaiea HfcLng placa at TirlmiB dcpfbe 
buL, judglrq frern tfcm vtrtliaL dLeftrJbsillQn oE cnflHU^il 
nbgUicvi in Uie- iaa, »t u-re fcrcil 14 IliAl flM 

aerina of r^suiis of the bioloffical proceemc* flcewfkin* 
in the Lacera beaeath the photosynlhetlc cone ia a liber- 
allfit at mlr^at alJIa and carban dlaxlde and a «n- 

BMptkm of tsiyiBP- Thui P tht tuAplHJtic lAjtra ir« 
character Jied hy hlgh conccmrationi nf phpBphatk reli- 
tlT« tn that ol Uie surlice lajer. £□ Ihe FacU3c tfirrfcrp- 
#7 valer UBually eoutalifl shup? tbam 25 0 uig PO* per 

fiiibLc M3*ir_ 

Aaemslrm £h*r* ii no luirSEnnral watec mniemeafc, 
tha ^maiwtlly of lswrinntc ptaptuma «carrb^ aL a_af 
g-lt en lBTel beLoir llw ptiytovyrvtbelle xotw di-p^nd^ pqi tM- 
ratt iil wliteti it la prodic «I al ^hai l^reL in4 nn 
Ihe rite ai vlilcti Lt Iq be:ng tra_naporlKi bact to the aur- 
[jre Urfar ihete the nLlIlEBlidii uT phusphaia la taklng 
plu«. Dfltll thklK faclom arn iTtflueacSd Oie flilhtULf 
od the water rf>ton 

Thje rate at w hic In deccunpo-Blticin accwe-ln any lajrr 
dependa p uuong other UUaga^ as Ide aiEumort of org^nlc 
□uLtlcr a-raLLabJe. Ttiii, in Liltji, debendi qb tbe aburi- 
itfin&C of Hlt planid^n and ciai the raln at faLI Ol tbti wr^aji- 
ic debria. Ab tite dfBaltj of Ihe watrr tncrrAicB,. thr 
j-ate ol fal] d^ere^fi^^aiwl conatquenCLy Lt miy be Bicpcot- 
#4 Uilt d^caJUEMSllLbli Ii fl&ar-i SripLd lll the CtkCFIbjUllILB 
or |h.e nb-ainjccph^rr Uilid in the r.-DnY££E.L0VL layer. Til BUp- 
port eri thl* wf Und th^ 1 tde coutocISoii Layer or 

photoayntdctic Eon« tiiera Lb ^ rspld IncmiBi; in cSie 
quact.Lt y «ai piiosptia^tc vlth df ptb. 

Tue rileatffhLcli phoapfoate Id returned to thepboto- 
Wjnthfillc EDilk Wlll l]S<i dependiln th e EsLitiiL L1 y ut the Iraler 
iln** dlAialvfid iubdincta pan be LraAtportfed ta uf 
ImpprUni nnJy by td® w4t*r. Tbt pi^ci** dll- 

Jhjalor. nf the dlssolred BobatATicp s I^bbubtIwvi! Lb tuo 
aldTP to tH of ajiy pnctlc aL aLgnliLcance. There ar? tsr- 
Lq*ih Eo riKLB ol vertlcal «ater moTemeota. CcmrectiiOB 
euxftnta are foimd prLctlcaliy Tdey are 

cae*^ fry Ihe actlLin^iri tau.1], pia-LielcsotmtCf 

Umt hu?c been r.Polcd by r»d|iii.Lkni Or i^kMact Fltll Cfild 

nir nr Iuitb ^ttalned -1 hiffti mlhitty beduie «f mnptiti* 
tlbB at itu luiince, «nd by ilu «brr^BErandLnn HaIbb ol 
Llg^Ler parltclea. Thls type of clreulafthnn Lb pro-bably 
not ellectlffe belov the tberinociLAe^ but Inhl^li latd- 
tudea Ln th e vLhtcr the d^nalty ffiay decooie unito rm 
LdrOu^buuE ali deptha Mi UlslL conve^tBTie muTtiiie ut a may 
rr-ar.ti tbc snurfncr to the botUra*. 

Aoother typa tui Tejtlca] dicoUtlffii 1« tauncd by the 
turbulfflit eharaetsr ai tfee istovciEieiit La boFiEfflntJil cmr— 
kiBtfl. The ®4dlAi bin^rt 4Li50lV®d idbdt3Jl C 3-1 frOEE 


■?nr Uycr H? H,5inUirr» in the mirUct! Iaiyer(ithi: e^dlrq !■ 
the vLkI curraivts ire eap*c lahy ?(fecll¥e. The deptn io 
woueh tbiB eifeet erLeoda wina vith me fsr e? of tlie 

irSnd, U 11 : UELtude, and Uii denilty gridltiil, lbu.t «tnly fek- 
cvpC-bn&lly renche-B beLow jorters. 3n, addHtion i>ne 
da.B to coti sl-der th e reUtsng by varoa whicb aIe-d takea 
plue e n^ar td? 3-kirJa.ce. VerticnL couponeiUB of carre ni a 
ire Lb pilees [rauiupurUng nter from [THier 

rikptha tovnrd thi nrhet or Fice Tiru. Along tht wert 
nmagt uri tbe ATonencaa Jid otf AfpLca Qiere Ib an upirell- 
liMAJ iratiir fraifi Lite rasili § depthi (300 to 500 E&i- 
tfijfl j to the hirta», 

Any typt uf verbtanl c;lrcuJiilan Li La re- 

DEfrlng- tdc phkMijiLltE wnllqnl Of 

and re4uc3hg thnt ot Pie 1-dv^r liyem bq long ab llbrin^B 

TfUcr t<? Th? aurfate lay?r from tbe mbptHrilr lereiBi 

lh.il a, ve liiTe tvo (Sppoaljig pltecoio eiLa tcMLia^ t& 
eatibllsfii lh# vertlcAL flisb-Uhitloai nf |0i*ipdatj& lu the 
Viter cOLisnta; ihe lhlStirqLiftp dt pUOJcphnie fr-Sm ilriking 
orgnulc dcbrls, and tramipartaEUsn of CHLe phoBpkatr to 
digh-er l-ereLs by rertloal careuiutloiL. The «cacI depth at 
whlch the greateal a^aount ai phoaj^ale in llberated cbji- 
nut be Aialed wLth inj h:>li Ihe iMali ut priaeoi 

3mgvl-nd|^ . Ori 1 muli taipect d™?aipg|it3 Bfi Lc bc mrt 
rsipld ln Tirniir witer and irti?rs the griateal ammnt ocf 
tirginlc naterlii Ib avallibie, namely, luor Unciedfcately 
bfilaw the pliaLuflynllLetJc lobg^ but at Diese lepelatbc 

rJ_rc.ut nL Lnn ii hE rctr^er Ihin ai grtittr di^thi iil EhlA 
p>&nSd Icnd io proponi die nccummlalloq ol phuipbile., 
Aeoordln^ to the Irrionaiatlcii obtsLnod bf theg^arn^Hde 
iu*i othera, havet er F It ivould ippeax- thut m&st at ibe 

argulu uittrlai U deca&]»aed ii the laver iKnutdJLry 
of, or bctov P the Cicrafrcllntr 

The C arncrle dat^ shov Ehit Uik isjurliBiun cqhc«il- 
tf atloiiB ot phosphat^ ud «ubon diMiLdb, no btdlcaled br 
the pH, uiwf a mlnLmuju concffutratLoo oJ ojrygeii pccur 
al d. d«p4h varylng irota SSo La iSfrti niel^r 3 TwIdw tke 
ppu.rTa.r.r r dependlng od Uii lOoUllij- "Frocn UlSfl lefd tD 

the frohPFl W^Ffrtrsfipnf ^1 ^ cartaa. 

<IL™ifle de^rean® Frtth th+ iMstmrM» 

ol OBygen Intreaees. Ttie-ae lacta contradet the rtftlr- 
ment Aften ratiud ln tr.«? Uber ituri, mmeJ j. Olit mosi ol 
Ul e Lirgiariic mater U.L deeompoaea ut U 10 PoUdeb. It ln 
po-ntjGibLr thkt Whtrt EKt BuiAF lA AiiTflclAhtly Ji®p pFi£- 
iicaSly alL dilp mater^al h^S rndurnd la tpO^ipiBlc 

BubEtancc-a long r eachkng tbe hoh pra. 

Ab to whFther dotc dsMrapaafct^Lon Cikes plactdwn 

Ut e I&T? L at whl-cJi Ihe aiuIaiuid phbaphale- ocatest &vi 
minimum cucygeB toarteut are loiiod, it ia dlfflcuU io say 
hcotuKR abem thl* leve] eqm*eilFe tLrtuLlt lhi Li hlMe 
etie«taF« and It ds pobb^Ib UuiI ihe Hcunulalbeia ed luge 

quAJitJtlea ol natrleniB ora iQarlp4 roducE Lon -Ln Ekc my- 
fea content Ib pTcrented hy Lti t e rcWnpe of WRtcr widh 
thr *a±iLa.e£ laytr, wLitre outrlenta are c-onaumed. bjr the 
ph.ytnp]ankton 7 , MUI ux^gmi Ifl dSaatilrel fJCHH LLlf atmoa- 

pbere- 

illp dLBPaeBjviK the dlistrltrutli?n of phosphale ve hare 
deeigmted as ttie phoBdAiile traselllcir iotub Ihr iiycr of 
watQP bniov the coaetet Lcmi 3ay?r, and lurt dptinod lt kb 
t hi lir La VAlkh the iAcreAse li the phoaph&tte cdnA&nt 
la ^titer Uuja 4.1 mg P &4 per cuble meter per meter 
rif drpth . ]jl thiB SEDiMi ihr. rniLrrnlrj.1 L-DO Of phaaphAle 151— 
creHB-e» fr^iB mlues nrar Chone at the- surtac* to ai laucii 
as 35 fl t? m sf pe r uuirte niqtsr i*“ iMer bquniary. 
utacp the ra.tr od In-creane uamlLy bcimnen Icbb Uikd 
mg PO 4 |*j cuhlc meter per meter brfrirn Uic mail- 
n uBBquwitity la raucis ?J ? the Layer oCnaasilmuni pihi>nphale 
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prUTEHBUTID^ OF FMfflPHATi EN T1K SEA 


a 


«iftwt i* Ut KMfl cwi IK-10W lowtr linit er ihe 
truuillcn boqb» thp.t li p It is icruml In tht nfiUtonpliBrc. 

Wlth renpect t& th& r^latLon ■&( the phofl phat e transi - 
tlon tooe in ttue» d ersalif gradiejirt F It Ia Luter esiliig in bi- 
^set flguxta cS l-o Cl> ■rhlsh eb*« the «Laae c^rreliEkiu 
riiDtLi^ ita* pliopphatc -and dcns-Hty |jr ad Irreti nt 

grrfTi Ca rifcJ^- rtaElcns repr saeiLtUig mrlcv* locaJltl-ea- 
oJ uie Atlanti* ajKl Pacific Qt eoa. 

Fisure Cl represetis cuodlltuna at Mitifut (tatL* 
hid« ar Dl- 1 Ty>rtb, loEaitvd? lis* 53 ' ]i hiibm 

e-el*ctwi ps typdeal of the Pacific ter regione in whleh 
there ia a strorag th.er nsai stratiflcaiion oI the raLer and 
in «h Ich tbere are em pr^mliteiiA fljEninntc featu^ea. The 
dOikSilj gi¥-ftn lutb* A, prO*ir*m*Ml 

diiTtFm&TbftTGeii the ligbSEF «ater near the furfacc 
and the ties-TT - , nearly uitiiorm, iratcr in the acratogpfi ert 
Tram the sur-face to j deptti ol 3(W metere Ihe «ater ia. 
prutltallf depiEted ni ptoatfntt. Di the ^*phal* trait- 
JdUdn. *-nnr F ^hlch *3ft™dB from 3 OO 1 te fl-PS nclere, |He 
wiwnntrttH^HL -of phoeph.ate luereaaes to "2 ite d; P 04 p*r 
cubdc metes-. At lDOG mei er* 11 l& maalmtitw is atL&Uaed, 
»IBi abeat 3M aa# PQ 4 per rubLr 3 get*r- Th?i ftffurs ai 
almi the deptti thf r^U hacruBV Ia Uit dnmiJty 

nj Uw nter cfiiKi, At lenrei levela the uhoipnate can¬ 
tent dlralnlBhcs more dj tes& f epular Jy. reaehl&g 23S 
mg psr cuti te meter 1 at 4<MG uel#* a. The phoefihate 

«U* W fllMVi U m 6 JSfLr^ttena allHbuJLabLr ta «ubi^iir F^r 

*ntr±*ni_*- 

Wben ciCbcr phn^phah? cwtvb ait rrforred te ib# 
pjjtc for Etatloo 13 T u a. biae, the aiLoiuaiiea due tn tlr- 
culKUfsgi caa readll; iw «en. Ftgvt €3 reprEfcnLa ihr 
diBtriftiiibfL crf ptooiplut» at eUtacwi 1? Qitltiid» II %V 
aottlli , Lanfilhidn T§ = 37 r wipt> h ofl the eoasl ol Peni in a 
Tertam cf uprelllnf. Here the ilpewp pul ol thi cuiti- ia 
displaiced loward tke aar fa.ee. The dea&ily e-mrre ahowa 
a aLaLLar o|n?aird dlaplu^jutit. A higli ceAeefitra.ti*is d| 
pfcOflphaili?, aJ ^hcnparfld wlth prtiaEl^m |?" r pccursn at th? 

«irfa^tF «Tfa?¥ 'e ILmiM Mi thf upptr 1Q 

nuiers- The Iranaltlan lone «ctenda to about SCI mettra 
oiilf. Anoiher liilereetLu^ feilure ai thia autlon la the 
nature ol tlte pho^ttate pradLenl beitreeo && lmfi SQfl me- 
l^j%, vhere the mswLmiiin mL^ht be exp«el«d (os shom 
bj the daflh^d llneh h-ad ali Ike upper 1£M>0 isetera af the 
ciiTTfl b?eri dlBpla.ced_ It 1 b profaahl-B tbat the peenilar- 
Shap4; Qf Ue CUfV« «a ind. 900 mater* I* Qfrliif 

tothfe Artiretis [uttr mEdSaln 

Tdi~ rtaflcmn Thtch vili bc dlacuwed LatPf, thla irater 
my be expected tocosULo I gB&phoa piiate than Drdliarlly 
oeeurg a.a a nuleaum in thda ]Qtfj]Sty. THla euri?*m EJaa 
LitAdn thedeaaltf *l thm l^l# F «Uih4*ft hy th* iorf**. 

FarUit r *cruth th* ol th* Antarctic turrewt 

are- artlll more pronouncHl. At atatlon 60 in latatude 40 4 
3-4’ wiuth, ionfliliMl? #7 B 33 f wesL, ifig. Ci.) r «he-re- ther* 
in no upwilln£ r tJiia cur reni ia fe-urvi tHttwtm 4^ ?ft4 

15M metarn aad llaph 4 ipb|L^ wrrtwnl J« About 5 fl mc 
PO 4 per Lifihir mirtcr Irss Uiftn at at it Ima 71. tiere ag-aLn 
thtre 1*1 r^marlcabl e eorr eapondesiee TMtweets the den- 
SllT and phpephifce carris. 

autJoTi 130 in lalUude 97 r « p norlh, l^ULidr 123" 


■43 r «eat (Clg, CBh 1» luthe re^ion ol the uprelltag «ater 
uff Oie emat ol CailTorala. Here the dutrlbutlon ol 
phoAphate eorreup^nis m thal luthe almitar retiae 6ff 

Ihe co^rrt of Pcm *x*ept ihal 11)00 miH-rru Ohe 

ph oa piiate cani erat sIlowa bc defuitte c^feet -ol an intenae- 
dlate £tirr«iut- The amxEiuuBi bIkvwa tbe sme dtvelop- 
Bfll sw t*ml ** ftA04i *( TU* mei*rit ia- 

st^Bd of Rt 1OW? m etern. 

Tigtu# C6- ehsffft tfie dlatrlb-utlon ol pho spuite tt otie- 
□I UiA mnHt urilierri Mlaliuna «ErupJBO. Ua the POCllie, 
iMinelj, rtathn 115 at Inltted^^ W Porlii. kr. E lMt 

lT4 ta 03 J p-fi B-t i Th* phoaphate curre ter thd b eballon re- 

aemUlta tfiat at statlon 1^7 ejccept ttsat the nurteee thJ - 
u*fl at ilaticwi 122 Ure mucJL hlgtier llcu 3 the trlrttiLlOO 
It ^RfWerRbJy rie^r*r fwtacr tThRe iatptiDn 
[37. The ciirface tfiIuc Lb Ufr ms PO4 per cublc invthr 
amd the aurlace iayer in onif 20 meter a thlct. Ttie trin- 

HltJuji tam tJtEBndu trj unJy iOQ myte j 9 . D-AlA* thiB Ifl 
III? ln ptwfffisic »iihi Lncr^ilng d^pth. 

The hb^H surI acb Tilues are undouibt^dir altrJhutftbl* 
partiy to dia loftov ol «ater rlcb Lr phoaptiate fr-orn the 
Berlng 5ea partly to tbe fact thai at thla Iniitude the 
dun.iJlT EJ*d]EHb ifl curanlderablT r«duc«d during the ffLfl- 
t*T, ttuis pflrmlttlng a CDaniderabln amounl ut tnlilnit 
smong Oie varlons ffiter ntFato. It ma? be noeed tlrnt 
eveniar Julf, *h«n EliLe MuiUin wie ceeupLed, the deukt^ 
pr*flitit 1« M «ili !^«l r TTlL* p tM p uay be a«lfi£ 

Jn pari io the rnhtlwicly cold w^ier from the 

Berlrnj Sea, 

Ir tlie ALLiRtLCp e* aer ratio na to great deptha wen 
-abfUlned ai a ■y.tlfiti locat^d ai a stlLL hLghcr latltude 
Uuin riullon 123. StatLon Itf (llg, CTJi i* «mitheut of 
Croenjsnd at Latltude 50 d IS J north., loiurltude 34 D 15 F 
wsat. Ahliouehi illisae obderatlann were made Is Juliy, 
baUi the pJuoaphate and denallf grartlerta- ehow th e eEJect 

□f fertJciL mJiLn^ dur Liifr th« prcvdni±M * Lnler. RelOW 

pttnijt L Ch j an*ter-a the dLBtrLbui1*Ti n( pko^pKnt^ j*prAc*l- 

CAlly un O^roii aa In tfce d^n-slty, byt ib^TE IIiIb d | :p ihi Oin 
currea bHot a altght reductiun Iji phoaphaie aa velL aa> 
tn denally- TJit aov phaaplo.tc conte jil in the Atlantic: 
dnefi «ater mi ooiap^rfld wttfi that 3 fi Uie Pacific *UI he 
d1aruE-E«i lite r under "HsfLnml 4i5lrlbuM^A h ' r [pp. 16- 
171 

At atitlQA 23 (llg. C ^}, ioeateJ La Lhe «eotsrai trou^b 
of tne AtiBwric a* iatiiu4* 13 B a«' n*rfli r icpritud* sa^ ia^ 
■frtr, ^ ra^lEayni i^arllty ol pti^npVtT «hi-tT 1 
at about 600 meters ka macfi h IgJi er iTvan rould b? rspcct- 
edfrom the quantlty ai lowej leie]*. SLoce tn« Anta.rc.tlc 
Intermedlate CtiTPeni gentem at ftbqui 300 isieteru, Lt l| 
fairly certaLn. that the v-iitcr Ira * hSs currcmt o-r incdnaLii? 
hsul 1 hlgh pnosphate c-onteT.t although the q:ua ntlty naay 
have been au^ioented sauevhat. during ita procrea a lo- 
trMs d Lhe nRrlh. It I* LoLireSting- Ifl nOte Iklt artlirctic 

FatTT 3 »hTn Infin^p^ at ftir lc*cl tht Atlantic, rep- 
reaeiila a layer ol relamely hlfii phoaphate cantent, but 
vhea eiteodied into th? Pacific, aa at a talio hb 70 and 71 
Ci £LBdC2) F Lt reprenant-H nihr lfr* KB pAaaphat^ 
r*la-tiw te Ihf ai^Bceral Inyere-. 
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CHEMICAL KESULTS DF LABT CHXTSB OT CARNEGIE 


3lEC«ION AL DISTRIBUTIO N 


Cirnegl* 

flectdon I, ptaUppa 24 Eo H : more or leoe north and 
south IrDEQ Grand Eaoka of N evfcuodl and tu latitudo fl D 
jlOrLh brtween ]Orl£kiid. eis 35" ibi! &0 fc Wfiflt.- - 'it ali atSL- 
tiwh **CTpl t»q miiut ^rtberlj Statia**, 13 irtd li p 

the plKJuplvatf 1 content in (N mirtact kajcr Ib rrUsLirty 
lov. lai the Central pirt ol the secticro, where there Ib a 
alnkljig uf nrpi vjter □! sxllntt^, Ilie Ikne at ifrmg 
PQ 4 per etiM-c. mtnr r Ib lautvd at ?i dnpih of mors thin 
300 mcters. ln thLe area the trsma Ltlon cone aleo Lb cnuch 
erpanAed, the- lncr-pase in pIuo^>frate TBLiuea wlth Iil- 
crcut io difrjjtti beln|j verj gx a^lioil. The niaAJnuim Ql 
ptoiplfc&W-GPCYirS flt IINW BKE5TF Ie ri?a)T5BCn^ 

Lcflfl ttian 125 mg Ptij per cuDlc meter. To Oie north and 
tu the aaiitJt ot uiks uei, eiucIl tdglier diluet occur id 
the wppw lajers. To tfc* north, irture vitter ii 
Etilcter „ ■vaju-^s. aijtiv^ !&□ mc pe r -cubLc meter vere 
observed- Ai a I-at ion iS, where tLeie is n convergens 
oE cc-id aad warm irater (see p. ij, Ihe linea of i^qual 
ftir b?nl ^TOTKri. In the spjThern 
part of fche aection, lugb valuea Tere ohsenred in the 
Anlartt tc Intermedlate Curreor^ reaehUkK 275 mg it TWM 
metere it ataiBon £2. Id me atrato ajrtiBre the pticiphile 
OOBteiU WttMftAt dei et ttusut 1 » nig PO* per flithle 

mcL*?r in. th* wrtbem pa.rt uf H»e vxtlen, bul 

to about 100 mg ln. the Central pirt, and agalm Inerma er a 

EllgtitLj to the asuth. 

Be-ctJun EI, atatiMia 14 *o ifl: approximate] y ea.at a ad 
Wtal Jjt tDe LTCpi-til ISurthi AtliinLJe iilung the punit] tL at 
a&sniA IS'' cwa-tli FroiU P^naqna Cu ipmcUudC 3T -5 Trnl.-- 
'Therr ]i j Bcarcltyof jtioEpiiate at the mplaee thronftn - 
aut the sealknD 4 Fiter ctatainLog Isea U.ib 10 ug PC^ 
per cublc metet 1 entendlng to £-0 aeu 3 lfrB m e-tera aL ull 
the alitiatia as bj Ui_* ifr-DOfi ] ln*- The tr^iUdllhn 

xcynr- is uauftlly ln tta upprr 504 mi r+ers Iu (Ii e westcru 
flud centr-a L puts ot tJi e secElon but ria-es toward the east 
and at tit atiun ES KL Is ln t hi ujjjjkt 20a met-er i. The msut- 
LDHun pbOupJiite va]uecs dccnT bctwrco 590 iPd 1D00 me¬ 
tere and TErj trois abe-ut 125 mg to moro tha.n Z75 ifip 
PU 4 per oubjc taeter. Is the eittern p&rt ai the aartlan 
hLgh vaLees are Eound ln the Aidixotl^ Ibierna^dlnte 

rt«t 5it TflO radcTt Tvd %r»B of 1*1^5- pJnoet*ate. 

al» due is a.rrtarctbe vat c-f (UA P pp. jfl, dS, 95) r sccur 
Ln tha ccuLtiL sa rt ul Ltie- s^dloa. 3 il th« etrstaiphere 
Lhe ptiQBjiiiite values d, tc.rta.at belnw thc rniKlcnajn 14 

*boiLt 100 mg PO^ per cobLc in-ntBr- 

£11, atitlauE 50 to 71, 10 iv 3n thf BMith- 
easterh FacLMa:, beglnnleg at j pp* si Ornate 15 * lailbuxl? W 1 
auutL, Lij rmiJtnil t 1 »" venit, ext^jwttriE ^rth-BQi-lheaat In 
Uie sf Pprs ni liHitwlr IT* 30' -esuth F thcnc^nortti- 

■ard Uj the Central Amarica n iJjpht.--Pho ^pliate- ai thi? 
surface Ie no® here reduc ed ln th LB secllon. The eurlace 
valueo Uti *i eu atatlan^ 3‘f and 40 arc Irum ih lo 2J ug 
PO| per cuhlp meter. FrOcn fltltlcuit «□ Ui T1 Lh*v range 
hrivuwn 25. PO 4 iwr ™blc wtsr- At Btatbn 

?0 thsc csnc tntralkon of skio apbflte reachea J03 isr PO 4 
per cublc meter. South vi thl* kt detreaaea but ne ver 
reatbe 5 20 jug PO^ pej nufelt eaeLer_ 

[Ci thc -hpper 300 natE.tr a the fjhu.^phjte ae^llat ahOWK 

a mitrhcnl alnjlturlty ii;- Lhr t^fiLprruturr BcclSpn p Ibr llnt 
repr«»€iirtjpfr 75 mg PO 4 p«r cubLc meter follorLue 1b« 
gemeral eanif bso! the 15 ' lflattieria. The alFe^t ol up- 

T§llLb^ p WhLfih La ah&Vit try th4 tenaj^rntuLT^ W zi;!l ] LnSt-jr 


HotJoiiB Bl ititloDH 09 to 70, Ib quite evldvnt hJbo ln IM 
pJifrtpiliflla aeeuan whei* t all Lhe nuea ire roJsed temrd 

tt» sur fsi - :■ ■ 

Tlfl Aniuctlc Current o£ low silialtf eirbrln; frni 
the soulh ei a_bout 400 mnters is e ut appueit ln Lhe pbsa- 
[dvM? tvttlO" M »=P reeo^tlBfrEl Ul tha 

cirree EboTtiig the tcnlul dlEtrJtukJcn oC pJmirphatn 
a-B ? pp. dZ-flTJ Fronh statLooa 60 to OS tli^rt Ia i sone 
o t CLftflptLTLLtlvelj' Iutp phoeptulB untered. st about 400 
caetfTB 

The phoapb^te naaaimam scciitb at abfnvt IBtHme- 
tera ln the ssutb txi_t gradua. 1 ] j rise a to abaut &b 0 met-er a 
tn the raOrth. ThK hnEt sPnbenA 1« TirLabLe, 

fr™ 235 ts 3-2^ ing PO 4 iwr -tuljifl F^r. Th? C? L ~ ntg |^ 
obfluryatldTiB irdlcitf thaLttie bottom TBlitr mthla re- 
glQn conlBins b^tweeD 200 ind 150 mg PO 4 pe-r oitolc 
meter. 

gtAlIdni B& and 3 6: tu UiA Centra] A^ieti^An BEght, 

nf th^iw>rth and ctf S^ctlna III.—Tke phsspiiain coa¬ 
lent st Iha wPLter -at tliese atatLoha Ib verj Blmilar tn Ih^t 
il the- Btallnns to the weei, or to that of the meL hern part 
Df SDCLLOQ m. 

?kc11]c fKtendlng ipproikmatsS? north and Bouth (rom 
latitudsB 2 $“ to 5 fl jquUi, helve ea ifisugiluelee 115 * and 
105" Wfrit^-In Ilie dLLTfJLte ]ijer thc cinnc^iil^itlAh fit 
pfcisjrFJmit Le «rcTTwbcre 10 m h P ^.4 per cub^ic oi<t*r flr 
mere. From uevuth sl ata.tLcn 4fl, howerer, and centerlmc 
aL station. 4o, the SS-mg line eict^nde tn almsat 100 
raeltra, Indic xtlng relaliT ely Low t alue a Ui Siit' upptr j-ev «1 $ 

Tlw phiurphiLe tr irusSUud iQiuei in gsnoral fdlkcTVl 
Uie UiersniJrLljifr, beUkg reund at mcreaamgiy tow IptpLb 
tpward 0 LC asuUi. Tbc longue flf ahUi^tU Wi 1 SL ElOM 
the aouth, wltkch le ohswn Ln ilir MaUnitT Bcctlorr, I* not 
erbdehi ln Lhe phoaphate Eectisn hvl Ia Indl-cated ln th* 
a*liiU>n ^urveu uf Lhe rertleal dlatrlbatlAik. The level al 

TrtlLcfl tlir ai^|ai|iibi n*rl£| hetween 

750 and 1400 metera. The niagnltvde cl Utc iD^Klmuni 
nluBa Increiaea Irom Leaa Uian 17*5 mg at st at Ion 50 to 
Tuorethan I 2 & eui/ PO^ p«r eubdc m&tef north of aUtdan.iT, 

eutern P?ciJtc extendi uf muEb eustward irem Intitude 
2 9 : aosth., longltudc 115" weml te LiELIude 40 1 aoutli, 
Longltude &B" r^L-AI ^ pvrl m thi pHty ip hit* nlM 
BlHw a cofitlnuauB incretae- Froca north vfbi to adaihrant. 
□ etrsen Jtatlona 51 sjvd 57 mere lr ]#ae Uibji IC mg P0* 
per cubLe: meter, Thereas Ln tuo sauthesstern part of Uie 

the phnqpJiata cflslwit Lb (jr-nalcr, be-ing S 0 
per cubic- mrtcT at atatisn 60. 

The Lajrez- o.r mo.iiniLca paisaph^te Ia aomcThat 3ndef- 
LnlLe, th? ccm^eTitrRlkjn cp^lmilag Lo i&ci rea.se belsw 3000 
metart al smuLonc 55- h 5?, and &9- 
^ 3 U Monti S3 aivl 54 : 3»rtli OectlDB X* Dorth oS stH* 
Linn 56, nffL Of .iLitltm Sl p firtutti Of Eaalej blknl.-Ajt 
Uiene tro stallona the reitlcal distrIINiISOh sF pftaspliate 
La ver? s^u&U^r to thal at ataLLpoa £1 and 52 Lo thc mrert. 
The aurfact voluea viry treo Stoli ng PO 4 per ciAle 
uicier- Thr- tr^nBLtl^n iant cjrte^iB La 5 DD melera aa 
SI Btailan 5-1 te the W^pt, ratheqr Ui*il ta iSO meiera as ut 
EjtALiQfl S6 to Uw South, iradJcatking' UhL Uib c: lw.gr: ia efim- 
UlLonJi in ^ctlrn K p vnicb exte-nda Er om nortbwcst to 
aoutlKaflC, fcom statius (L Esfl« p reprs senta a tbaiigo 
Ixl ai north and aout K EHrec4i<m r>Uvtr thAh \n jui SAJt Bhd 
wcst dSructiun. 
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uiarniBunoN oj fbotphatb na mi se a 


n 


gTctimi KL layfl ii gfrjg Ili praGtlcfiUy ?.n^ 
vtPt bchrtBn latdmd^B IO' and 10 D EOhlb, fram tue sa¬ 
nam laliodi | Lonflllude ttifl 13 west] ta Cailao, P#ru (Lqb » 
glludfr T&* W*M-—£& uplle nf the |*£t that O.Sji «urti«e- 

UiiHtllefli Ln Uh« irap Ltn, lh.rrr bt* PKj wtrrencLy JffW 

phoBpha,^ n]ik«:P. WcFt Bt^tl-Dn 7! th« eu r (ac e TP-aler 
tua a tem peratm-e abore SI *j ytt In thit region uanj 
aurFue pluaplu^TalufA are ibore II ug PQ 4 pee-ciLbit 

ntUr- Tta hJgii&fl-l, ^nmilLlea r Ji phua^ralB wert Tijud-lS 

tamdUM f«t. 

Ttie phoipliat* trsiiiLtioTi lajci (oUdwb wiry ctoasly 
tb£ nothe rmg ar I& B And 20 and risce to ne^p the sur- 
ffcifr tair&irf em eaadt, vhtste th* rldMei 0urfu4 w±t£r 
1 b f«vp4, y^rreeilal# Inr^ *T ±nUircUc *ii*r E* 
qdE erldert In the pho-Eptate aeciiou but appears ln the 
otaLioD -ciLTFe & or th* ts rtdcal dletTltiitloii. The iayer of 
uulaiiu Ilei beLv«iea StH and 15TC ueL^ra 

w5th tiIiucb fortwrrn 335 und 315 mr PO 4 JXT cnJbta Eic- 
Eqt. The d^eprr wji.tcp tas 9 pHflpphatp ODHttnt ol near- 
\f 221 mf psp eufcne- m&iei. 

fajlffl j3L gtailoiLE 41 t» tit : Ln Lh-e «qualarlal 
iDuUieABlern PacVI«, utend!e| kp^KHjuMe3^ klai^ 
p^raJIel l a soutti from Inn^liude 1 Q5* TiiU tp- the ®*njth 

Arorfcwie rcctlpn ii amih^r mpip^ ni 

arva in Ih-e tr^p Lc e Tilli cvaipar iUt-bIt J argf qufflnlltkv 2 
si jjEfwfipr.atc at Uie aturface. AtUiougli jjfing Tary claa* 

Llj the equitur, allthe turfictf Tilnea wer« abere 25 mg 
POl per efiWe m#ter TMi- Ii tn «en**, bauvei-, *in 
U 10 Low tampcrahires oba«r™i tiere- A.t «iatlons 43 and 
43, where-tbie colde^t suriam e witcr Ih eucomwte r@d, iha 
phosphne- TaJiiea are itLgtLeot, reachli^ 92 rag per cuble 
meter ii sbtlon 41. 

rne LtuiALM^d snor lHm tfTT O 0 »« tn th« mLrfjhQt, 
abaTr 2 DO inrkx! Ln Ui« w^ntcm part of tti« R«ctloD P and 
Iu thf upper 100 APtwa ln the 0 afflem put. TT 10 Use o3 
najekEBUni sh^aphale ociura. beLvteB 500 SLbd 1200 nae 
lers, the quAniLtl^B aL masi aluHoaut beUig- betwteci H 2 E 
and i!5 PO^ p=r chMc metEr- 

5«^- V . ■m map.ip.^4» «ajajaJMf «- 
i=ndft qorOirEvt7a.rd fran the aamoan lodanda (lalltude 
l*” Knrthp kunglbide 1 F?rt) tp Fraaclata (Eatl- 
mde JT* mrth).*-TTLB Betl3aiuiecaQBaLrMea litat the 
quiXlLty £.f pK^SpluLe It Ihe jcurface □! the fi ei. a 

fitaetldA M the UtShulr and tbni tM IrqpLuk »Ofw ll na* 
M^tJtnarLIy e bn o( l&m frHtlllts - Ii tradlestcSp QIL 
di* oth^F hand, that the phoephate ccnrieni ot the uxper 
mEer Laycn ia LstUuaLe-lf aasc^Lated vlUh vertLcal «a Ler 
MOTeaetLts QccurriAgf Ia the trapaaphere. 

B-egluLUie ivlLh statlud l^D at th« iKKrthern c-jm! at 
thii aectioiL, »e fiud ao ng ? 0 ^ jkt niblc nc4*r at tbe 
iurfine ln n r^Um vherg thire vt* upwiHSIng; oJ Biihrup- 
fa&p «AttTH 1 strong gueia^e eufp-?nt h ind Hiati «17 lav 
t enperafvjj bb . A a the dLaluu 1 tr au Oie Ci Li£*r- bH eo nat 
lncreaseB^ the ptoaphate ^turteoLof the aurfate water 
deexeaaee. Btlwtt .11 dEnllana 112 xc>d 1S-B the phaapfaate 
Cunttnl La exlremelj !□!*, Ittnn thikJi IO mg- per cuhlc. ope» 
l*r yi UL at the rnu-fn-e but mnia.L]j tg 1OT 1 ^*- 

Icra, Whcrt; ihcfli; Ih-e thIv^b flcc^r, tlmff arn m proni - 
Lnmt current*. 

ContlmiFin BwrLhvrrd wt fkod it siitJon 152_ tn the 
Hai-tli EiualorL&l Curyent, 10 ug PO 4 jur ttibit uelee 
Et Ifti^ Eurlaee, but at otatLurtu 195 and 194, Ia the Equa- 

toFli] CTcmnltircuxrerL, Ihe valuitS Ete Iglh Lott_ EflLgher 
^iLuE« p 35 rop; PO 4 JKT I0^4*r r «9 toand at 

Itgtipaif pss p&fi ifhlcli iir^ iwth^rt Wnifr 

ot (2iat current. An prenoiLily ntatedj at the tordere ot 
die Equitor tu Counie-rcurrerri fhnrs is protiably Uregu- 


Lar wiler moremeiuL wkth wrtlcal c;piapunt nlts. 

The le-iuton ottbe phoaphale conlmr nf thr *r4 %i> 
Lh.B hyilrnprij.il Lif; ooKtltkQDa la dsjuoDslirjiled by the tran- 
Lirti™ *one ln tiili H«Un. Y &r eunpJ^ d at ataisaefl 
ISO and 151 ln the riflon wf vpv^LL \ng orir IKe CalHaf- 
nLa cciat r the Locreaae La the phoaphate contcnt 
the puria.ee l^.yer la -etir euely rapld» as ia alae the cim 
froni itaUQVia HI) tp l&S ln Iha irei-th Equatarlal Drlft 
and Oie Kuuntorknl Cwitircumni- SbutbweqL er vtaLbDD 
133 md norttivest ot itacloh 130, the transltlon inne 
vrldiDS iihrtll p at sutlofi l34 h the cfiumrE S Itl thr phn*phaic 
Mutent are the ebbsi jraJiuL siiB.ik9Jiy f aoutfsFPffttTom 
Htallon 1*5+ Elie chanic^ kn IHe fflthd^pth 

beeoanea morr gradiMil, althooffh licrtaln Irx epular ii l*a. 
are encmiotered. The tharra rallae- shows aiini]^- F*rLfc- 
wlLh Oie dlfEerenl regie an. 

The ulaurtte ptuoapliat-e aulaLiua Lien at abpwt 
750 pnrUTB rrcim. MLUIduA 13D 10 S57, tnit »Jth DlthlA ]l 
gradtiallj deicewiB, Twchlnir Udo mei eri Jt BUtioii iftl. 
Tke idulBaiLa phaephitu taLuis decTiAie m^re nr Lerh 
rep^irlf CrDm S7& rag pr>j per -cuhsc meter In the north- 
!£'► thuD ii& m£ per eublc meter ln the soulh- 
WQHl. Tine decprr *ater cunlalnH apfHraUJuaiel^ ,200 mg 
FO| per cubJt meler wkth vlSptitkj Mfhvr nluM 
Uie equator. 

atelSQin VJ. ataUonfl 130 to 143 l tnore or Itas rorlh 
3 nd souUi En Ihr «edstrU North Pacific, rallowlng upprca- 
tnaulT merddfan 1 ( 0 " Irom Lhe Rmiiu laliAda 
{laUtude 22 J narlhj to about 34 p r»rih, -- TM llbl 

re preaentloff- PO 4 per ernblc meter ahopa a 

fna.rk.ml dcil«lEnr:j uf phaflfhdLe ln the flpp?r Ifl-yrre» ihe 
llPC zficbfaK to ^IQ 0 metera ai atatlon 140- 

The majElAum aptata cnutfini nenurta 11 rrou 9W 
ln tdOO cnelerB, tpL th over 500 mg FO 4 per cifclc meter. 
Snl^T 5400 meter s thlfi leoocnratr^tiofi 1 b rrmn tu 390 
mg PO 4 per nuhbc salter. 

aceiion X TV. aiatWfc IIP Lo 139; froa the Kawallaa 
lstanda to Sn-u Franc kaeo. - - Ewr ^ iit puilo^k 
133 vhJch 9ia.re Ur eady been dlseu-saed (Srcttap VK the 
ALEiace H^er la extreBaely low ln phiofi|ihate h the W raf^ 
PQ 4 p&r r,ubd'n DfiLir ILie IhfrLttg RftiAd U i 00 mtt-er& at 
BUttaTi 133 ud Ihtit {hidualLf dfrac£rtdliig p reachlBg a 
sliith of alnwJB t 30C metni* it HallOn |4» 

The transi licui wmi usmlLy ta abOM SOO nt- 

tera or more encept at statione 130 amd 133, wTicrc II 
eo mea oiuch muw the aurtace-. Thr line of Eo^dniurn 
pTLUfiphate riins for bbe nuat pari berveett Stiti and 1000 
ueltrs, TllA t aluta beEfween 250 agni ISi PO| per 
cubic meter, ik a depth uE ipwj metere the eancen.- 
cratlCfiL Ja ajqir tiLiiauLcDy 350 rng PO 4 per Lubkc meter. 

BtfiflMlLJDL ilaJ3ofiLl1? taJIS; sn nnit and w»t 
Biettan ln th-& 5l*eth Paclil-c h «nsftdang apppml- 

nat#lf Uhig tr.H paralii] ZV furtn tMtv«aiL loi^lhad* 
l&l 1 ajvd 1 41" veal.«The atu-fj.ee phaspbojte valuen are 
lnw p W Ltb th« id mg PO 4 per CMb^O Kl^i=r ] Lue rtmn.yg At 
a.boo t I Oti niteri e*nn pt At nu-tJon 1 4G B ^er« It 1 * ai 
EOO meicre. Tb? Qm^^muEB ^luca, rflnslw (tq m ^75 ^ 
000 ihf PO 4 per cirtRe met er, sue Jound at BOO melem at 
the BisteriimtiBt itat Ion Id aboul 1500 m@tera it lh« 
veaternm^at sluELun. U&\aw Ihe ttuiuiM laytr Iherti 
at e Iron 2 DD Lp 250 m& "POe p-It puh H iiifcfrc". 

gtriign Vl f gt^tkgr a 1 jo_135 : in irorlhea^rrn 
y iclflc, ejrterdLog fram San Franclaco northveaLward io 
a polnft Bonth oJ Ihe Gulf ut Ala.aJca (katLtvde 5-2 c north h 
lufigltude Lll' Tffiat}-““In UlIu VlLkch LJcu iwrth 

flf UmcLtude 3T fwrth a (hr phcwlule il tht mrlice La 
Kbtirv 2.5 iEif f' O 4 per cuiilc meter it alk itAtloni «nccpt 
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CHEMICAL RE5ULTS QF ULST CHUIUE GP CAflOOll 


li&. Id igt! aerai p UDiffETej, Uie phoaphale coiUmt im ilit 
tiujrl-j.r.£ Uj£t LncnSiSfefi rP4U KttitheaflLtQ IKJrthweflf , 

rt-APhififf 125 ms" P K r 41 HS. 

The Umra irf cqujl ptiofiphatr coni-ml tir™i dawnrard 
froin the \tq ends of Uw sectLon,. rsachmg Itisir ireateal 
d&pth ai sLitioa. 128. Ttic lirae of m ulmum phoapr.at* 

fdllftftB; Lht iam* cuurit, ruiuilng frum 35» matari; il 
idiLLi*™ 12E ? Ln 135 D m*4«rs ni nMdgn lSB, *nd te TM 
metor n st aiatdgn 130. The mulnivm 3 * osphair content 
rances iram 250 to 304> mg PQ 4 per cubic meter in» ln 
ttBdeeper water 11 Ls 2&-0 jng per eu hic m^cer or eliflbl- 
If kfid. 

teai VU l n ir^llpno fr l telflfc Ip thr lnopl-llwt*i- 
*m PacL/Lt, (nrtefwJJDg Iron Ui« Smdobb blandi {latitude 
13 D nuth, LcHifltuJfl 173° ■wrsr: rurth and v^at to alatiffli 
104 {LaHtude Sft " 1 noa-tli, Icuigltud-e 1S1 - eaai) .-.Fram 

ata.tlQji.fl 94 to 99 Lhe ptiu flpiia.1.e Vnl-ueft a.L the BiurFace ait 
aboui 10 ia| fKr eufcdc metiar, b*il at 1 h* «rtber atatidu* 
(t^wpnt ib* wrttnrat) Khfj are belbF inis Yfd'it h me 10 
m? PO 4 per cuMe meter line ninnlog freea near Uie aur- 
face at E-tatlon 10G to HKwt 200 melerE at stitiun 104. 

The LrtiLiLiipn. ebiuo In (Itis s&cticm lln*i copvddtjniw 
flJtdlllr Io Uiuea fr.und Ln 0*cNon V. tn the Nsrth Lqya- 
crirLii DrUi p b«twe&B 100 a.nti 200 mete re, condat Lobs are 
foand at ntatloe 104 Jatlila aeetlon whdgh ii-e aimllar tu 
Efoo&e at fl-tatian 152 In Seeifctm y. Tb* mna muni valuc-B 
truio 225 and ST 5 mg PO^ p er CUblC D etflr ==lTKl ^S- 

eux tx dcpChB oi Iro id 700 Xo L4QO mater s escepl at &ta - 
tlon iW, whero U ls at Lbout EOOD matara. ]n tnedeep- 
er v ai er the vsrlilLQD ln pKesphii» runt^nl ls grtiai- 
fir tnafl ifi 1A&B-1 ciUier botlTOfil 1T5 «td 

275 mg PO4 per cublc jEficr cHtcwrkng- 

lOl: 1 J 1 tn* trapLcai 

wciriNirn Pacific, eagnwit-d frofli GuaiMi (]atl- 

tv d f 14" norUi, Joi^stude HB* 4341 ) 10 utaiior. 1P1 |latL- 
13 = 33 r Dorth, louigiSUid-e* 177* ZT ead l) --M a|] the nta- 
tlonsttii psnapliate EArttenLof tLie murlace wnler d* very 
Ldw f Uie nuo ropranentin^ ID cur euibla mefw plib- 

ll AbciuL 300 Hirtam c^ccpt ai Btatlon 3.0 7„ where it 
Lfi fvuad al IOO mntarifl. 

t-3.r iram Uie eurfact and frau «Ach rnJ af 
af thie seelLoc Uie Unca equ*! phn^phaip conl-eiri curre 
d.iwjiwnrd, tiifl iQwtBt 4eptb alitlan IM. The 

Lijrer af raa* Lfnuni phosphate 15 st about lWLj nQclera tu- 
c.rpt n Btalion 101 wnari! it ia ai 630 met^ra. Th« mu^ 
Lmuin TaJu&t ria^e t^tveen 225 and 275 mg PO 4 jvrr r.ut- 
bLe Nfl fttkMrT*i3on-B. c^tand io 34WMV aaetexB bifi 

RIOSONAL PlSTRlftUTBQN QJ VI 

The rcirloml disl riNtaoti af phci&pnate ln tonlroLLeti 
liy Ihe oaior physicAL ajtclbkntoflcilIaelarB tldi ctinitti] 
tbe T-ertlcmi-dlatrllutlDii. It la proba bl c ifrif Ln Uie pho- 
tosymlielJc eure i>l 2 ata nhlch cnrimimr phnjpnatR arr 
nlWL^n n-i r.rji \n hjgft lalihides duriiif the 'wLd- 

ftr mpnt*iB. Litewlse ii is probable that kMlow thu-co-jie 
the prQjjr-r conditlaiLB- Jor the decompoalUon Qrf^.™ir 
malLior preraLl thrDHgboul Ih* yenr jjd im ^L1 Itlfi» 
reayltang La Uie xelra&e nl ph.ijnphn.cr g rr* nsiier inor^n- 
3c nfutrieni. anhatiHCEU- CufiEequenELj uij diHwencea 
Uol mi? £iLbi in thr ^lorLEontal dl&trltmtloji -sl liteae 
bubntanrr!i etji.i si be -^iused prlAelpUl^ hi the ctirtul*- 
ILon of the vaier. OlKer ficiurs^ auch 1 « nicmfl Iram. 
hwtd !±i>l c^rtj Ln 5loLoeicaL cotkJI tiema, nhauld nat bc 
IdsI sljhl nf, but cbji b* re^ 3 .rded a a laeal or leu- 

p>ni-rr Irgturrs. Cofts&quenLLf, 1 h* rL^eyJalSfln ai 


ai 36(M metere th-e pboaphate ia about 225- tum per r.iibS c 

nttUi*, 

gc ^Hop Df. Mmtto m IUT te yg : frosi Giifl.ni (latltnd* 
14" iwrltai tfl fliiLUm 113 neir 

Yotohama UatLtude 3S' 3 oorlhJi thene^ nnrtb iraM 10 hl»- 
tSon 120 (litliude 4T fl 02' north, ionfltude ISO 5 Zti r ejiri), 
--In thifl sKt^on th* hjdr^flriphit teodllioas are - 

pLes and tbe phpgph.Rtc cyntiml al vnqjiA dipihi is PlMk- 
bLe. Frons ih* Boiithcrnm^st Giation, 1^7 h io ataiinu. 1 ll 
tbe phQBfltale tQjHent ia Oie u^pper 1 00 melersor mQrc 
Le lena Ihaji ID mpf p4r c.uhic-. mete-r but. bbrtlfl id this see- 

tb?n the Ift Hprprr raei^r ** a^nt 1W 

meterfl ind tluBlly r-sacti-e-s Ui-i pmrfac r htw«ft ataLUaon 
117 and 113. Hortb of alLtion 117 Uie phosplialr curtent 
ai IKe mirfiee rapltlLy Lnrreaaes Ld more ifiao 150 af 
PO 4 P^r CLibic mrle-r Al tl^rLbn& 119 l&d 120. 

ln ili* soaUi-rm hslf gf Ui* iccdloa the most rapLd ia- 
cre&ae da phojphate- wllfti deptli beg^TR ai ibovrt 1M3 me- 
tvrEi TjuiMn th* north-era half Lt t egdn g iisled edi a ta ly ai tiie 
ourlace ■ Ehrtweup ^talUtaa IK aad 1 IU tlie 
of phoapbat^ wlih dtipUi Ji t irlaGLe. probant? QFLng 14 
ibc MertiiL* watflr masBCB uf dUI*r*nt lemperaHireB. 

Tbe a_x.Ii a of the CLajclcDUjn pligjipbalK lij fir llefl bf - 
tvctn IfKMJ and l&M) mtte-rs ln lh-0 eouthcTU ha]f nf LL« 
aceKiaa, bili at Btaticir 11^ U rlsea,, reatlilrg S&0 metrra 
a.t hULLdd 130. Ia m &st of tiic nrctU:>n Die mucimucn Tal- 
urn Yar^ betweeh 200 aod naf PC 4 pe» - cn&ie meter 
but 4rc «hciw 275 m>; al staliona 100, 11V P and L2Q, Ai 
^rcBlPi depthj thflj ire W»e«i 100 and 350 mg Pt>| 

ptr iiibii Bielef. 

SegLLon TVT. Btailpra Hajfcjffil «tfarti la Ifi 04Ht - 
northcitt<rl>“ dlr*rtljon aeree a the Twrthern fcLrl of the 
H-ortti Pacific Irom utut k>n 11 S «a et of roortiiern JspAd 

(ialLtudc 42 3 2S- 1 rwrlti, JoTsiptd* to rtalion 

125 fc>uth of the GuU of ALaaha OaTiludr & l r 50' nortb p 
icnwiLude ISO" 3B-' wejt^ r aLcmg the Aietrtian 3sLiLode frona 
fiUttone E 22 id |24,--TluMsinjtooat thlft BsctkDr thicrE Leno 
definite aurfacp layer a «1 tb?- A^likt£ tQHlWlt alth« 
aurlaee Le more ttmn 135 th.r pr-r cubJn natior excepi al 
wlitUND Ili, Fhere lt hn onlf 96 hir PO 4 IP-er cubi^ me - 
icr. Tbc ce^ier of the naaiLicum phioeplifllr? lsT ffir in 
flJmt 54?0 nag*rFi ai elAtdoii lie F There Jt U at 

1000 EQCterj. 

TJie manimuna concerlritioii Taribefgeen 350 and 
3 cm mg PO 4 per cublc met^r, vtilcti le somEWMt M^ber 

t hzm Ld ciOirr Liri fi _ Hfl tflfi dfi-fipfil WS t & F th^ ClliantLfcf 

3e ikuL ^0 Pic PO^ tuhlc iaeter_ 

DSFHATE AT VAJUQDe LEVHIiS 


Fatur 1 YvrtLcal and hor Lsonta L.. Ln Ihe prlnclpa] cnue? «f 
Uie generai dllCereiKf 5 ln tbe phasphate cpnterl □! tlie 
watir Sd dlff#rsnt reglons af the aceuts. 

ln UlH 9ub&EL|u£Bt dKSClLBSLOB ULE T^LOUL WiaLLDn 
In plms pilata %l!li bc- tahen up f^r th*fglLa»lnH 
(1) al thr Burfacc, (2) Ln ihe ayrfa.ee laysr and iraciaH- 
tIon zona, and (3> al 2000 metere. 

Surface 

ThE dLcririhoISpr (rf uphs.tr ai Uif JPuri*cc at a-H 
CnFncg.lp slflticins Ib Jhowii hy 111? ehnrl, Jiffiiro CD. Tlin 
reUtdYe- comeenJLpatJ qtlb- ut pHoaphal & are indlcutfid bj 
Uie ahidJji^ . For regie^LB «here ihe au^fTce va.ter k«b- 
LsLncA Lrnn Uwui 10 mu FQ* per cubta niolgr Ihfei ch4Fi 
i 3 juti Khiiws Dire de^m tu whketa Ihe se Jc-w ralue-a axtended. 
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Th* ChiTt llSD imtiChLftfc tA* mnnthx dhirinK wtd-ch. Lh» 
ebservaiinoa W«**■ flV*in*d- 2t will bn iwled Eha* ? «- 
«pt Ln Ihc tropdcE where Iber* La-Iittle ramga ln tam- 
jwrRhue, oli tbfl UifTe-fltlfitiWLa te bciLh. l^j gplicrvs 
me carrlen uut in \hr mmimcr- 

AHintlc Ocean ,—lii the AUmtle, norllt te Lrtitude 

38*bgfUi f raurth ■:>! stuiten I0> iw siriue Filuea leaa 

ituStn H) ma PC« per cmblc meter wera abwa^ed. 
ThnDP(^KHLt tHa part of tiue jUIantte tbcrc J a an mcttire 
clrculatloa and tine ib^r-m»! stratlfi eat Ioni Ia lesa pm- 
BQtucAd thjjf Earfhc-r fl-outh, It Ia int*i^estM(j tn j**ti thal; 
*rt rtftfcton E ln H b? Uve aurlut iiier «jetBlned 5-8 my 
PO 4 p€ir nlhle meter vknu in Auguatte the Mmeyeir 
Et sULLcm 16 F »Weh 1 b ln the sume vlclnitf, miiy 11 nag 
PC 14 ner culric nset&r «ara toiuid, tma corti «panda tu 

the K-aaon al yarliiJu n ^baerifed by AckinK (1 fr!H>} in BrJst- 
iab wtefs. Ue Apond thrt n wneenftrwtirDn al ^hoaphale 
af al»ut Sd ™ig PQ 4 per cvibtc meter in Ln* wtnter w 
«-rduepi to piictlcsU.? iero tiv fuly ta Septim¬ 
ior. Tlw ]ow TEluea Ln summier vere aJtcLbut^d to Uw 
PtOlutlcrn of pbosphale fcy ptyi^tajifctan. niid to tise Lact 
te a TGLMfll Irem Invur lerele owln^ ta the atr atUicE- 
Hm Uie Tiilcr Jurlinir ibat Elaeon 

Buuih of Iwilitude S€ p florti hjJ tte jHjlUqie 

a Lcw phoaplule contaBt ai thr nudice and te 
□onaSder able depdba. En th* Sm-^bebu 3«n r at FtailDDa IA 

and iSj Hi*- watejr Se ea Litui 10 Eag PO| per *ti- 

fcle taeter te a ricpEft of 235- tBetera. ln IM tripleJt thJ* 
*arih of plwspbale dld ut ealend lb ^uk(e Fittfi ktbbI 

deptbB, tMit MMLTFefl teiifli.rteHUr, Thu dlstTlbutlcji <rf 
pJu&jAtte cifcM-l-Wtd ln ilw-Ssirgae: b& Seaoiay be atirltiutfcd 
te tha fui thii ln tbda ares tbere ia alnkmr tif xudurr 
witrr poor Ln phoaphate (a*e Wisl, 1323). Tfcp 3 ctp pbos- 
phste conlent la Usttro^J^ nw»t Iw la Uk- W flQ- 

derelnp^l tbeno^dliw and ibaence ol any tucoplm 
currvate taebsturb tbetbermii SLtratiticaiJEiaiGfih^wBCfF- 
Stalionfl 24 ta 13 P SeeU^n [ h wrl oo^uplad by tlw 
CiTJj^blif in Aupjpt u_r,r3 \t {b dniarestLog te nate Ihat Bei- 
wflll and 5r-Lwuil (1D34) repert e-^uaJi/ lowwiirfacr v^J-ilc-e 
ter Ftbniuy and March al sbc aUdions Ln tLe we-atern 
Horth Atlantic aftd wc^t oJ Cameric asctloai E. At tlues* 
aLaUfintt tutiCKnir^tjKJip of itsa UlBJl 1Q PtM per <JU.- 
tec pactor tu re abseTT-ed te eren gretter rirpLhn than ii 
tiuB Carnepe statio na. Atthelr sijLtlon 1232 flsuitedfl 33" 
15' aorlLjv, lomcinjdtf ET* S5 J wnt), bucIlLdw ralutH vtrt 
fl^Mrved. tb dvpUi 4W m^ters. 

Fl dfle ■ - - iw tiic Pacific tlK *fltrLbutte™ of 

phckEpbate at tbe surfaee liaa bern i-mjncnaxitE-d Ln a pre- 

p*p^^ by s^i wflll, GrabBco, bjj! Paul (IflM), 

Tbe lHhlt LtruLLun ta litti®atcly BBaoclated wlth tbe current 
sjisAtm* «r ttul octan. At «II the EtattoDE 1 yteff north crf 
Uiltude 40"" dortli, tlue phosphafe e&ntcnl «ia 
I dpi, pajisdfie Irom otuul 25 te uhciui I5Q m^PC^ 7&r ca¬ 
te e DflfiUI 1 #itt Lhe ^^eepUon wf dtnften 11?,. eaet af Ja- 
pae - tW^ aiaiian and tbe oaxt sUllan CllSj 

Icrviu-ti tli4 ^rthesat, tbere wae a_r. eictr eiaiely ai rupi In- - 
Ctvrb 6 Ln tbe piio 5j>r&te Mnt&et f fiurtec.e vaJiLt^ at £?a- 
ttenp IIT ar.d lltl teing 3 udD4 ]B| PO 4 per emblc me¬ 
ter reapectlrelt. Trom bcrtrecii tlisae tiro alMlniLa to 
u£8_r tbe ALcDLlin Manda Uw-rt* 1 b a soutluejly Hovliig 
eurrpnt vhdeh appart^tiv s-rifinalefi ia tbe CrrJn.fr 3ca- 
HLslng al vaier te gr^ai depths probahLy labes place -±Lt~ 
log a conEiderail* part af tl» j-ear and an aimi ctu-.c r of 
j*&BpJiate Id the ayrface w^t^r WilP?q«fnlly ls te b* ex- 
peded. AppErsnlLirtbls pJioBphate-rlcJi water Qowa 
«puUiwiiTd □ntH dlTertfld eaarwurti by tlu» Hurlti Piciftc 
Vsst Wlnd Drlll ^coinmetiiy cill«d tlw Jb.pwi Cirml), 


ms drlft tirrl^s teepheApnaife-rlcInvatar *ajfward 
ajai tbeb ap ulliwaf d by cbe CaliEoraLa Curreat,, whlali la 
terra«d |q the irfcerA ihc West WJnd p^Lfl rt*nh±M 

the A3<?umn Calande- Tii? bJgih-eal avnfriil snf - 

wbere ^tlauied «t Lhe rurlacei H3 PO 4 per subit 
meter, WAS Jou.ni! Bl rttilJun 113, an LiitJlufle 15 J 31' OOrtlL, 
IflBHlludR ISA" 30' nj.irt_ From bhls BtaiSnn tli* cjOiren- 
trfttJpu ?l«xdiljd1m3rteh?B caawird, (o 25 ple jm?t cubin. 
mcler -at ttailan l8ft. Aa retarda the h Lgh pino a j'iate 
ctiJLlGrtL In DtiJ regJait, Uie fiet mutit HAt tfr aferluOted 
Hiat Ln ]iMtu0w nortli Iter* ii cnjiHid«rablc 

caiiTC-ctiTe naLcdngoI U 10 ■water dyrlrtg vLnfccr rarmten r 
BJtd ttu&, EE bas tK-fill pClAted QVt prtTLOLeiy i HlU ln- 
treise the pbOQphaie cdiutent Ln the aurfiee layer. Tbe 
CirniigLa ntuwfr ratlcuui wrsr made in Jnlj *Htfi bffl( VOvJd 
■r-TPir-c.t dixt much of fhe pbafuhats brauglvt te lh« «urixei 
io thLs ULEnner wauld bc conaumed -ree e there aa otber 

Mtij-t* iiT aitepiy. 

latltudits 10 * and 40* nnrtb, wlth tbf i- 

?f™ MtJpnp iif^r tef c«art CalUtanliBi Ihv 
ptioflpbate contenl vas extreme]? lo-v, never exeeedlnf 
10 mg per cublc m-ster ihd ofteb ]#bs tlun balf tAat 
IracHint. Thifle ta* vaJieA ln thhfl ir« iALended tn can- 
did^rible defdihrt, fe^ing iniLnd Jn tec V.pper 100 ra^Ltri 

iso it at pr^olically alL sl-ationiE vidi tbe eacepctes of b 
few iwrtheaat of Japan. rbe naxlmusi depth Io wblch 
tbcy sxtend «fe waa 3DC metera at a Lati un £40. 

Tli* an|il] qLu.nMtlH:n gf pha^ptialn a^jT^k IA th^ 

Marth PanUte betvern latttvdeb 10 " fimfi W* north, ap- 
pcar to b? assocuted vlth twe bydrograpbic fsEtur^B ccf 
the regdoii. FLFOt, llief 0 is. e aleep dauaLt? gtadlent re- 
SUlttHf lA A ULAlEEiLU idteuBt 61 UlKlEf te! de^p v^t*p 
whh the Eiurfacb «iter. 3 rt^nd r b IhEfl pari uf Ihf Pi- 
cLfic th*rc ire nci vell-dcr^lopcd cwrvnt ryptema rt- 
cep4 near the -caants of CalUornia utd ]apan. It Lb prob- 
iUOt Lfiii very nttle watLir enrterA cr leifes Uie area 
eicepilo 1 relati Tfty amall enent hn ihe lwu localfitLra 
Kn^ntlofiHl. TlwiB ttwre appear* 1 0 bf m as-ency Ou.t eu 
nteerlElt^ nigasAt U 10 pbaaplihtg CAEttAl Sb the 
lif*F r 

TKe T^latJrfly hlith pWaphale rftLuaa obtalned otf 
the odbbI of Californla la Jy]y a.nd S*pt^Dber may he it- 
trl&Uted to- tb* npweltJng Sub-^tu rfmce VSter fr&U Later- 
BfldkRlC deptKB Ind pem iiLbly eiIivi ta the traiiii|m ri nf 
phnaphiir-rlch wjitr froiD the oortlh ths CalllorBlE 
Currinl. 

MBtSlld9.lT A (1032 \ repdFld rifluita tr jiAkphite 
d eter jb. duali a na luade ou aurfact iamgl^ cnlLrct«d by 
tti* tralnSfig ftlipL, aSitefcTf qr m cruJ» 

from Kvbc io 3an D-te^> p trom asm Uiepn I» Hilo, and 
Iram lialu tfl- Kffbe, junc- te Se^^uber, 1^30. A ep areati? 
the aamplee were mol auaJyAed urvtll the Tea.iel aarrlim 
Ln Jipan. The jshobiiLatr tiLd** obtalricd ar^ consldjcr- 
ablf hLahur thm tbgai! pWatined by the CarivegLe tn Ui* 
rKprri PatefJ* and hy thr &crlppf- msfttutlon te dee^ukog- 
raph? □ £f San &iego. In the ae- hwti ciaea Lha JLimphii 
vire inaLyaed soojl aJrec calLitLUon and. ik acerna nAc<«- 
sdjf-y ta- eoo^liide Chat Lh.e vjLtiph i^aJwl-by Mflimadal ra. 
ttiiy twr ln fc^rgi: 10 p^gggoigpl ^rL0? Pl thff M®- 

plcc. 

Scutii ol litltude 10 rt nort hn the phosphiis cometat nn 
Ln geiteTBL LAteraigdlbie H£i*een thil Iteind Ia Uif nthnr 
itt& partu bf Lh^ Pi^ULt discussed. In the whole reglor. 
ral^ndlmg v^L! or*r the Ecnilh«a si ee n and EropLcal Pacific, 
«strcm^Ly levw conecnirat Lana af ^Aas^haie occurred at 
miLj tbree alatiora sauth af laAitudr- T D wrth WP* thm 
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in Hie tropica! .and South Paxille weru nfj thii C-^FrS^ flf 

Ftriij whEre llH ne FG| jurr cublc meter Tere obtalned 
al EftitJcn 70, ln thls roglori Uipre ia up welllcLg ol sub - 
anxiace valer eimllae fu tbai ufl me eoas 11?! CilUu mia 
and II 15 J»Efllhlft tliii EIl* P=ruWl*Ji Currcrrt ilio trlei^H 
a ELipply ol nuirit nlu. 

AltlnjTiih Itu? vurface eurreiilB ia the Boutherii. trop- 
ic# tluv vretward Iroea the PeruFla .0 Coast, tti*- aoiiree 
Qf the pjic &pnatc whlch tau 3 ea- tJ-it relailrely tiigt 19.lv ra 
tkrcHctwut me tragica carmot be trttrltaMI cu the rapon 
ad Peru t*eiiu:e thor# Ei n£t 1 ooiELuoiwib decreae? ln 
the pftoaolud* eciEwil vEth inereaBKt difftaaee irstu Oie 
w :j iri. On Ilie «nlpary Ulm* nas a teiuiiftibLf gmiE 
Tarlabilily of the phoEphale cantent at the 
ULroughoui the- trn|pica. Tto ociinpLJcatwE hydr ofrapfci Ec 
eondltiojis :Bi UiLk rtfgkm, prphnbly accouitr for the Er rag- 
uiar jjitrjb-nispq pj ph^orpiifltc at Ilie surfiu?. For m- 
lApIt-p Srurrlnip [I-A B pp. 102, 106) has 5 tovn IJia! Lhe cur- 
rcnrtsLn ttiSHOitiisrn tioftiCE ii de piius ol 1M rnd 2D0 me¬ 
tem 21 & irregular ajid mtemaeni and.ihuJ edkUin are 
foranfrdvhleJLbflji^iitauti&EjdnEulTOtvrvif ™lorae depiths. 

Sariat* lam and Transltics 2one 

LTidtr tbe dLacusai^a^r tfit tertie ni dlrtrlbtttJDii of 
pJio&prjtej LTl* jtiiueipbaLc nurfarr and trsnsithcni xoneo 
wtre JefLnnd («« p. 0), Xtus reglonal tst inion ln Lite 
IhirJciui.is of these icues ind ln Ilie qumiFity nsf phnsptota 
currinc in iJie-m Ls abuwn ln fisure CIO. £n IH« pr«pa- 
raUon ot thls di^rl th.tr depila nf fcl-i^ Inwr-r S Linit oi th-p 
aurficf Hyer waa iaEm ad the deptli to «hiclt tlie con- 
etoLtatlcm. -pf phopphate ira a aimost uti tfarm. TlkSa level 

™-« u -^ u aJlF Tery d«ruiii-e as bt aeen by rerEr-tT^t 
to tlie curve & of tbe TertJciL d Istri bullem, pJidBph.ateit 
ea.ch CaiTLggle stailon. A« LndJcatcd above, Uie trajias- 
tlosi Ione wa.i dHfiuM 3 B (h laysr ln vhlch the Lut eeifis 

Ln ptici npkatn vas gz »:?LteT thar 6 ..I PO 4 p«t tuhlr □<!- 
■Lrr per rapter ol deptb. iMit in aome inslau^e-A ilwaEraprc 

lo^lcal to place it a lowea- 11 » kt at * qlightlj dlflrrevl 
depth from the n** eo d^trrml?»dr Whwfl the tranalflcn 
aove was thii^t otc intT^ie in phospbale wttti depth w 
le» riipJd thin wh.rre (Ire tone waa thln, and odten rep ■ 
3-rarntrd fin Lacrcas^ o( l$Hfl Oun Q.l IB£ PO^ ptr nabLe 
ia«ler pur ebsIov . THe pheseUiale fiumtErvi fur «ncli ume 
Is r^pres^ntsd Inthc cJiirt as tb-t ^cr^r for Pilllereln 
wLEhLn bhe educ. 

Atlantic Ctean -^t Uic ILfi etatlona mutti of Ice- 
land bith Lhe a^urfocr IZjtr and tha trajiaitdDn Eone vere 
eitrcine.i r ouq, r Lr rem^rlsabl^, hoverer, tbat at tftese 
ataLLvnn tlur- jtfinjHphale cantent of Uie iranaltl^D zcrnt vaa 
no* »0 fireal is tiiat ln the Sir^ianu 5#i. TIie depUi ol 
fhe aurfate layer vitlnti. Irrjm Ot? 2S maGlere; ths ]mr 
llmEt ol Ir-aitdEbL^n iniu^ ru-l^d froiE 5-0 Id 10£) cne- 
EWi- The 4 r-^-tiem ol phoephale ln the auriate 
liycr Tfaxlrd from 30 tjj ^ BQg FO<k per cutile metere 
Ihat Ln lhe transitbon zeme Iro» 32 ta 4& PO 4 per cu- 
blc mrte-F, 

THe lino qF atnitov^ Jrcm uLacL^rm 12 ln Z4 stiovBthe 
chanae Ln cujiUtiona froo Chr Gr ind BanJcs &i NawFourd- 
Ljnd. EerQii Lhe n;j.nterri pd^r af the -hllERESO Sea 4 Id the 
North Equ^forsal Current. Th^s« elatione ir& ^afi^ritlaL- 
I y Oi^kc used in construellon ol SecllcD I (jee js. 10 }. 

At lhe two DDtlherd ^tuUrma rnnflJlScmji r p-SKmblfcd ih^iur- ' 
flouth oi lt H-laod tlir uphiee vrre fhinj tha low?r 

LlinLt u f the- fc ran^Ulpn SOTlf TAB ftlTOVt 5fl and 1W Dfl- 
Ltrp- Sorutliward the zonea eipamded. The auiface luyer 
reactiwj :i m^lEDiini depti oi 350 meters al slitloa 17, 


wlierriB tlie lower llmkL the Lr^jasl^n kjiw fu mo Stlj 
ffelL o-ver 500 ai atatLrjDn latlhuitB 10 * 

ind 40’ itorili. Sfiuth. of lirlihidt 20 * oorth Di» uucmeni 
OlJhe ion«R deoreased unrtll at stMEOB 2-4 the aurfag* 
l^ysr vas omiy S 0 ueieFa Iklcl ind^UVcr ]LnH D f 
the IrajiallioD £uilk- itih, uqlj 15D mrlcre b«k?v the iit - 
tace. TTit- Dunci«rEratloii pf pk^BpHat^ In the aurlace iajrer 
Tax Lcd front to 27 m< PO^ per cublc ueter al the- two. 
pvrUtvrn sfatl^os T?*t fu belav 12 PO 4 per ciabl c 
mcier eTf-r^wtoere to me sflom. TTie mnn popccntrati™ 
■of jsuoepliate ln (he iriniRlkin nMueirai fiLrly unliorm 
ln tnis aerlea rrf itatloiiB buc Ehcureit a allght lende aejf to 
Hwrea^e Eouiihvard. The Talnea vurlwl tr*» 4d te U4 
coi PO* iwt cubk naecer. 

The thlrd aeri-es ol Btatiaaa Ln. Lhe AtlaiiLLcsre Itote 
Lnelyd«d. Id Sectldm n, 2* Io 34 [ew p. !□). The 

depeh d ih& amrfa^t \*j& rather luilform, Tarylni: 
Fmtu 25 li L do imrtrrai The c(mc.entratloD of pr.osptiaLe 
vas unLtnrm.Lj Icsb tlian 10 mg PO 4 p«r ciLbic jnBtcr H 
The dc*plh of it% transdtlou bobo vus greiiltat (S25 &e- 
teri) at st^tiDn 31 just maLd« me Carii>Wji sta- E^ii 
and -weal &f thi& it deeareaaed, part Lcular |y fothe vatft 
viere lt eat*™iEsd pnlj- tu 150 metpra at st»tion E 8 _ The 
concKqtrai-aosi ol pbojphate in Uie tTaaaLti&n a&De through- 
mi thi& es-cti-jji "FS5 the ume-ar sllgbUy- blfifetr thaa La 
the aoutbfrn part at Sectld-d I; bir thIvvb nuigN Jrocn 
4ft to 144 ni£ PO 4 jier tublc m ctir. 

The varuclom-B (n the thictLBHB of the surface Jif sr 
STid tran jI tfon z&nee ln fcti-e- AtUnlii ci&fieijr ^ij-aifolM 

mTifitlane in the ih[dm«m. uf the iliercagcl Ede, KTortb uf 
afetion 14 ther-e waa a tAliu laj^r ol wbjth wvUtr, vith m. 
Sharp denalty gradlejrt to Eto iunJ*i-|ylii^ &A4 iraUir, ln 
LPe-a« Umt hncrea^^ Jn p|»pphBSfl lE ®CJlflM 3 

chieCly Uj tWp iuutoit thertuccUbe. Firtlur nnutli, 
purticuliiLj betwten liiltudeE 1\)' 3 aod 4D b borlti,. 
aLUumigJi the BiiFlaee «aier vzs mwr, the varm vnlw 

axtnbd^d to grealer depfliB and iliere W&S i. IDUth HlOTe 

yraduLLl r.k_an^r im lompcrfl-tuTe and d^naily to-tfce cxid-der 
«alex bclc-*, Hrrc, tw, the kncreaae in j_*L r iuajih-ile vna 
Cfinjiucd Chledy IO the therUjOC Llae but ubnr.K th e ]a.ttnr 

caEprwicd over several hujKlred meCei-e nf vittTi P? 13fcv- 
Flae th^ ;riQ&pJia.ts truiaitLAii une vas TBrj dt^p. The 
narrovmg al lhe pbniiptLilc sodcb toFurd lhe equatorlal 
regloiiE and melr TariatlfliiB ln SBetlon LL falloved sLai. 

Lhr etonflR? Is ifiede-nsHy giadlenta ln thaae refclac£. 

Tho distribuiLun of phoaphat-e reported by 9elv«ll 
And Sol veli (i&34) ior ihelr three stitlonn wtrtA □? Olt - 
Hfldl S-ectlori I a^r ees veU vLUi Cuncgle daLi, a ltbnufjti 
thr ira.nsjtlon soiie al tbeir etaiiun 11 HB, ]j titudp IO t 2S- 1 

iwrtti, LongKude 41* 30^ wett, «Lendi m atiout m ne- 
ters h whicJi La aomgwhAt lowcr \hm tiiat af C ar rn^jiif jta- 
ledds ln thEa n^tlhi^e r At Oiefar thfeQ atatlana ln lhe tett- 
«rn edpr nFthe Serpas» Sea, luvev^r, betveen lallludtft 
22 ° and 34* iw-rUi^ LDagumdes likL iuifll r Lhey 
?hov a much more prujuuun^ed eapa-odlun ol Itiiih the p,r- 
face layer amd th* traiultirar urrir Hh.h trf foeiid "by Lhe 
CarsegSe ln Lhe- r^Rr of tbia^ nrca . ln orne ca*e 

tbeir aurfa^H; k R j« r ti? thau &50 metera. 

Alihnugh thfir obsprvdtianB escended tn 1 DOO metere, 

UiLs wg9 noit ds ij:- enougri to* shaw Ote loi?er llmll ol |he 
irPRSltlon sone En ali caeea. 

P»Lfle- Oeeaia. --Ift Ike Pacific «e atoll llrsl «mibM- 
er ihe line oJ aliilnnA hrtwErn |apan and CsdiFbrn-U, irti- 
tlona 113 to ld{J a ailt uf «hleli ire north ol latltode 3S^ 
frorth. AI th4?fio vtafLons ihe phusphaLe centeni vas hlfh. 

Sn Ut? irin*Ilion epho as veLJ ae Ln tb-e nurfa^t Layer. 

The miriace Layer waa -ereryulter e Qirrowflr -entirely 
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)ictuijg r sBp^elaiiy Ia da eenLnl part mr au? accuon 

Vblch kaelud^fl Ik* tshliA Aiirlhern JlAtldni ijcrugilWl !& 

lk T»«VLc- TK« (nmiE|l«i mc mi rclitJwlT Ihkchwt- 
ecpt Eor the staC-tona off tlie AlBiitlan ]e1b.ikLh f cxtendln^ 
onJy Ea 1T6 met er 3 at BtatUsn 123, II wUll b-e noted thal 
vhere the blgb surlAc* taliics vere oirtil&ed ciet -tf sti- 
Ilon iit iod vhfir( de muvtHIgn pfric ttttrvfcnt tu me 
AirTa*», Oie ]i?vr oJ unitor eu phosphale eont^nE wav an- 
tlrvlr Lfl.flkin£. The mc^n phoflsjhate tsJu&b d the Iran- 
aiiaoo tone ruiged Ej-qm 144 PO 4 per eubie oa&ter at 
atAlaun i li ti> 23a OLi fer r.ahlr irnilrr it statlcm lifl. Jn. 
EtiLa rtffkm CJie fsr«a| qu^nlltlpn of phgHphqLK ln th« upprr 

]*-yers 1-sth* combliiHl rcsuJt oi Ihe p&rtkal eliminatio n 
Qf tbe temperatore gradlem iod ol tue addltlQn Dfwater 
fremi de BerLug aen. 

ftHfth of the iWifr Hat of Blattam Ih Uip arra ln 
«Ulch pMipfrflJ* «a a3nwit rrvtlrtlr l^tkuw P.t thr #ut- 
fwfr, Wt Diay izuTLaLder tiro Unes of at-aiiona srLthbt Hile 
regitfTi: (1) th-e liat exteiKlLfltf frona CaLUurjiLa b» timkl^ 
tb-EJL Mrt h and eant io- acatia n. 1-4 B, (2 i Ul e line aiurtlng 
wLITl atailOKl IOI al LaLltude ir 23 r oorth., locfldliMe |'7‘7" 

2T' Eunt, and cjitflieS-ljiff wcit And mrtti (o Jnpan. Bitat pt 
near ihe eoa st of CaUftinli ali the a# atuflom ahonred a 
daflgicrc; oJ phaa-pnate Ia me aurfaee ]*f§r vfileh as- 
tewied t.j »Aflld£Fibl& deptha, uamally ta m&r# th&A 1M 
Birteirfi tA m inucli *n SM meter* ln. MMIf tfUW*# r 
At deas am.Hniui bJbo the tr&HPltlon sonr T*UtL»elT 
tbJii, ^tilr.h. mrans ihal beloiF the surfacc la.yer th« 1u- 
cmte Ln phoapiiate Tlttideptii web eompaj-ELtlTe alow. 
Herth <?£ Uam.Ll at BtalLou 13^0 to 142, And a^ala &b Ui 
vestem PatUlc botweed Guam u_nd Japen il dlvtlnnA 1DB 

10 123 r me truaslltasi tx<urirtfi at luver lrreli thu ii 
sjar orner feE^aa iniTEftijpitwl, HrtrndiTie co nor* tiun 
BM fiiitArn j.1 a!3 ilivef ataUona and r&a^hlng 1000 m.t- 
tcTi it fft*tl^>r-E 142 and 104. "The pnoapH*.1e cantent ot 
tli# transitJan tone at bdies-e stallnnn iai nrliblt f bul 
rwwfieee at.ta.lncd tbehlgb rmluca n^aeH-Tisd n^irih gf L^ijL- 

ftid*- 3-3* dutUl. II rarlcd Iro» 90 thk TO* p*r rutolG me¬ 
ter at fli-at lom 305 to LW mf per cublc ma^er al auation 
13-9. Frocn atatlon 134 to Ihe cteut of Callfuroli tftere 
m a uradu-al nar^o-vlif ol lh« surlacB asd Id 1 

sll|llt «tSdC id Ilie Lrajiu-LI Lia 16M. tn^Uicr wJlh iw ln- 
ertifiE in di* phnsphat^ PQpt^nt cf bolK eob«e. At rti- 
tinn i&n p m ; h*T^ Ui# novi proEwuncrf Biferi oi 
«f ^whniLrfacc vater web g-hown, the siulace Laper na 
™ij 3 5 Dvterv GhlGk wlth a Eueac ?Hafl=pfiatfi «r 

3S mf per cubLi: meter. Th.e trUAllboP edhc hid Itm 
lovsr llimlt at atemii f7S mettr* iad cgataJned m btvp- 
afe Qf 207 fflg P04 per «nfclc mtder. 

ProutedLkH MuLKw^Tii wt n «1 tak-c up tiu Linea od 
aimllonn M: cr?«B the equatoriaJ cuneata. Tfie eastarn 
™.t fJiinds (roin ncatlona 149 E* ldl r a mi Uib weilcm 
■>tlr- Ertim alatioiifl. 94 lo 1Q3. atitlan IBS In Lht eiat*m 
■Br tea oJ stati nas, and ctEtloa BB sn the wi^lern i^rl^fk 

11 e in tb« ceater Qf tlie Tiliaria L C punLprtvr rent. On 
elther aUc of Oifca twrrtoit (Jic Ncrth jind Sdutli Sqoatari^ 
il turT«la ILq* lntbE gppovSt^dJreclloH t» th-e eounlM- 
edffetit. Tfte r^Utiwi fli theee curr-evta to Ui^ djfllflbu. 
flnn oP plm«pliatc I e mor c JulLf diacussed an pp. 11 and 13 
Hnder the ^BBcrlpttoD ol acclama V and VIJI. Th.e witf- 
vordiy featares ot Elae fiui-fice- uid trana lisgn wrw« Iji 
E hlB arcv ar* tue relati»* th LnnRKK gf me teyfTfli partt^^ 
ulmrlf Lia Iflife rltladly uf the eowrterciarreiit k de abaejice 
Qf Mtrcmrlj Lnw vbIuvb in tbf nirlace iafer, ardi Uie 
Wr LMiIlttr wf Ihe come enti atlflE of plLoaphale ia 1 »U liy- 
#Ti, 

At statloa 152 P it ihe maxUirro burder ibe cwnier- 


eurrebi, de Knwr llmlt of the pluapbaite LFauBltloBiaoe 
wii h de^tl 1 of m*lfcrfi F 4Mt tfeil fil ihe dL*rh£4 

3iypr af b defidi of Qolf 10 met*?*, Ortr tbe vhnlt a±*a 
betvee n stat^onn 150 and 135 the e^itlro tmnEltloa sone 
waa abore 3QK3 met-er a. The arcrage phoaph^te conient 
Qf the tnwtttitm eudq Ld Ihe caatera Uas Qf sUUqila fu- 
1<jdbcr*6cn 79 and 17| me FO 4 pir cifblc mttti, N de 
Burfo.ce ]ar«v the iveram phoEplutc cont^nt tui ibaw 
10 mf PO 4 jht fiiiMi mfller cieept in th«- estTcm^ nortii 
and reached ^0 tng per eubde meter at Btatlcm 157. 3 tm- 
1 ur bui out tfiaUe an «rtfeme cciullIkMui ver* faund Ln 
Ui* wrErt^rm rstrSffji <pj *ti.tloai F vUth tht («Itrif Ih* 

UiLn xgm*E at at» ut fftaEtan 9V. 

Uith« of sJlaturbaneca 4u? 1« h^rli-mthl «r- 

renlaj de dletn&wl.iQn ci jduDBptiAte at de aiatlciLB |u£t 
dlatiiEBKl vftiuJd ao duutil. be quiit dllfereiiL froui iLat 
aeBUhL]^ luurrfl. Th^yC AtAtliBS L 14 wLthJji the lhapl*| 
tfhtri IVU U Ihttilii kWllLk^n geE Uie perfice nt^r 
Ltirgu^Hgiit \\r. yrar awi Uifn rw-rm^lL? would te eapoctod 
to r«Etul ln thlx-fc aMifac*, as veLl aa Ir-ajisitLoa.soiLeE, 
wllh c-onsequcnt rcttiLctioo ol Tertlcal mLxlof. Tbla 

mMild. Ltiil k- L tQV eunt raLxiiLLi-a af ^huflptuLr ln the 
□PP^r Utbib filmLlBi to Ihat Jnund Ln min? grtk» bUIIoqb 
iD-the NoTth Pacific. 

B d BildeBi thai ln thf- frthkitarlhl r e§L*&d d« ei- 
fEClB uf Ul# tlf idlAtiM IM IViitVil^fL U# #lf*iLd Af Uic 
traolitdan. AM^rdliia i* EUreq-iiriip ji-A. p. 10BL there ia b 
Htrune npvird jeh>teeii«iil gf the vnlrr nlwtff t hc= bfmndla - 
rl*»*f (hc £qg silorla 1 Og-u ntereurren* whlch probabk^ 
accgyn^B lur the proximll; tp de auiface Qf Lite b-ajuL- 
t lao Eone Lod lar the JUgb CAncentraiboa af pti Daphne 
AUT Ih# Burfati ia tlh# IlglnttT thv (mmif-Prcurr* ni _ 
SLmLLar «oddiKAat pretii] iv wmc JiWflVtr, 

*»tr fh« *Hq3c equatorH-al reglon. TKe rspl anatL-an ia no 
■l^ubt ln Ih- found ia ihe horLLDBtal va.ter movcmeaita F 
whdch r accdrdlsi^ to 3rordrgp r produce cddLea j_i>d posaS- 
l»if flther forus of »« 111^*1 glr^^lAtl^n. Xt|l| 
fiChiflt fer Ihe relati t?]? h \%h phgpphai t TnlurCB ln the mtr- 
f acr ]jLjrr Iwt prcbsWF mrt canrtJlliutB ta Eti« tbui- 

ihm of the tramiti on cone unless die noiTllmrdi-Flbvlng 
wadr Iiulb 9 deeldKl opvard eompaneet. 

Th* 11 ht 61 fltitlwifl rfOdfa. En P*m Ilea tu 

d# Lroploe but faj-LH«r sovth ihan ihe twg mt Lee luet 
diseiMdaed. It Lq^lodre akl ths statione pr-paeutcd in 9«e^ 
llan XT («c p- 11), .Ea gOTHriL bo(Ji Ihe aurEace Ufcr 

^«-trneBhlgn »ne dflepsa Iroaa Lhe coast veotru^l. 
The Lpwrr boundai; ol the traDElfLoci lane vas 75 meter A 
mt PtatiDn T1 n#ar th# Perirvl^n tarsl r and 05D metor# at 
alition ea Ul 17* 00 f 5uuU- F LungiLude 12Q* 45" 

V4dt. Afl *U th# ci.Sc Ul alher yrdloiuf in Ul* tropi*i h 
bh* phunplgdE pgcifeat Ln boih l#rcri pibtb rt-sbLe. The 
ventErm part o£ the U-ne ilea Ln (Ah sanie icmjf Ltude ae the 
ipa-i*t (raaierly trf the tvo eerlea of Etatlons croanlAg Uie 
ct^iat 0 rLaJ current&. Here the trin 5 LUun aune exlended 
tv Ksacvhat greatar dopda Ltiiui ia u&a QUier twu Lln*s 
ot etaUuna Jnat metiiLDncd. Thia Is prolni-bL^ HimuiE ih? 
mfrf* aoatti*rh tUilonti ure ln k F#sldH gf Ic«a djdurlwl 
hsjrJrpiTAi)*i Lc wnJUlanB than pre-rall fiTthtr na-rth. The 
JepLh aj the surface Layer ai th &B-e atatigoa vas, the uid* 
or greaisr IAab tiiai at de uore northera trnj-Lca.1 «Lr- 
tlOflB. 

Th* n|rrni LriiiBlrtlfln igfi* En pwi gf ttlfi 

fiEEtAm Is probnlslj gnuHPdi ln part at leaet, frjr the Ant- 
Arctic Ifil^medLatfl Cujt i fit N#ar §r tne coaat th# dla- 
trlbutlan of pha aphate La furthir alfecled tiy iLp**L]Lm 

QJUt t)T th# PiruflAo Clareat. HA Ihe ILnc tf mteUnn* T km- 
JAlafl from rriitkra W ln LB.LItvd« in° 14 J Bouth. lon^itude 
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#? 39 r WNt h taCMlao. Peru, Lite effutis trf 0 ieapTeLllng 
(he eoaflt of Pini are mare w uoamaead. TK-mh i* 
aJ.Su i deexeaae Ia lh« fehlciaess of b-c«l!"h (h« gurfAc^ Ui- 
er and tranA liLuB fctiBC W Ifh decreaslug dl&tancc from 
Uie cnaM. Wrir thf tfClfl.no rt eiuJ »1 the Lui € the BUTface 
Ujer Wll 1OT metari «>r ma**- kia depth it aereral ata- 
tlonfli tnir near the eoa* onij aa ontt.tr a detp. The Lww- 
ur l lqi Lt at Hie EraiLftltlmi rone at 175 t -0 *T 5 arter a 
il ike fluiier and waa al 75 tp LW EBders eear 

fjis cnatil. Aft calla* Flll apprMrtiKk thtn *as i cm- 
■bderahl-e IbCHUe luthe quantit* oJ phoaphaie- rauglji# 

trona 10 ny PO+ per c-ublc meter lin Uit *g uUiern pirUt 
the Ihoe to 1OT os fi per eublc nrttr ai nLallnn 7fl near 
CalLiu. similari^ the aveia_ge- p*ianpbat« cogitEnt nf tb« 
tramlitai] eaqc rangcO bthr^reo fli and ISO mg PO 4 twr 
cublc Bietcr at ihr Mitioris rcmulif Eram Liod but win 
it»71? 2W> mfi 3WT tsitbJfi metor Blcmt the ctu.st. 

The Uil linertf MtkUCb Ulli ehart tu b* diMniaisd 
«diHli Jrom statlon WS h latJtudc W a 34 ' rtvth, kiyltvd* 
17 q 3S' wr&t , naore-or leas norEhward and th-en» castwaid 
to neir tfae coast ai SqljOi America., Bdlghllf ao-nth ol the 
«^iulur. Jn UUfl ILrtfc Lh t pkitf bj>!ha.tr dl&lrJlnillufi Sinit h di 

EllUr Utiutdp Itfittani W to && P r&ncmbJed thsl at tb* 
asm? LatUtud*B to Eli? eaet, iTom jutions 5 & tt> Afr, lalt- 
tiid? 4* 35Boutli r loiigltude lflffl* 03 J w-est. the lature 
«ere denper im tftelr prtosphaie eoiKejil leta lusui be the 

filitlujU td t&£ rb.au. Tu thl k pirt bf tht t4rl=fl IAi cdd- 

flf pJMpgphfct* fc^i mg^lr 30 ug PO#p^r 

cqbk^ Lri |h( «nrfi^ layf;r ^i|cb txtmdcl I# 3W 

mvters Ln g^T^riil places. TH» tra nskfUm Eome GcxtcDdsd 
to atKuf 5M flirt efb ukd hia tui bT«ifi & ph^epfcatt con- 
tnvt le& b« ttiui ItKJ FO 4 per tuhlc taeLer, sutlui 4T P 
vhere obiwr villa na vbt? made in T4ave-mber p in the 
ume viekiiHj m «titian 7» p [qiiLude ir 3fl J *mih, iungi- 
t« 3 # H 2 f li' west, «ei occvpLrJ jnguihps l^tor. At 

Uh- IbH«t Blati chi cive- comccntratione oi p^ionpHalc In bolh 
the BTiifa.ee La^er and Eransttlon sone were ccnHlderabL^ 
gf ^atfri' bju 3 tne aa&tfl n^u«vhat thliui-^r Uian. at otalLoa 
47. Tbfi Itrcaptridiure at the Iwu etlllBDfl ahavtd 1 
wMc dLCfcrciatr, Vcrj ILttlr noB<ngnaJ TurUtlon i* ttiu 
TiTdrofrapMc coffuUtlo-m» ot th-e wmter c*n tw impcctwl ut 
tbis laticud? execpl as civmed bf dUtarenc?» Ln th? eir- 
eulBli&fi vhleh^ Lb hirn, naty be daiued bf b»&b4juJ 
rhangea Lq otiie-r lotalillea. At the aiatlaiLB riimnin* near 

tte- n|LLi.tur trnia LniLgKudR 1 Q 5 ’ 03 J Wt-M tu uellx Uie 
cfMitg reoaarhatilj tiLgh thHtiv* *in ob«erf*d 

at the nutact. At th? eIlte-? sE-ar^ns th* 

tbe uuiaJticui uae began immeddaiE-lF al the euirate . 

Al tluBB stationi, as it uLTi atillon-s ilobg the soutb 
AueH^njL r.-c-aat, the lilgh fdi^nplinle cieiilIbdE Bear Uti 
puriac# proWblr wnc ovlns b ypvrlllng of Euh«Drf^c.t 
mttr and io the P«rvrjan Cuirtult, 

Th( auo&^ttiel#r Lswfrl 

The JPQQ-nElBrlcTGl vae ec 3 t«t«d lur ^CDDpartna 
af the phoaphate c^fitentof Ihc devpnter at Uns Tarlom* 
piLrts af die oceanfi. It voiald hai?e beer preierabde to uee 
a Lb*er leve: nid auSii^L^at ab 3 ^TitJ&ii& h^en AnJJabie 
frcnu bvLuw SiKKJ oi« tec s_ Thls Lefcl, hawever, Is Faitlf 

te^reaeialaik-fE qj Eiiri-tCrrp Urtilpp aq Lt le veII txlnW ihs 
tragsltlgn mmic and thr iTgf^npheric cl reoJ at ion, FLpirr 
CU ilHW» thf hcaL^d Falces gt ph^tphaE? tn EQgPOif per 
cubLc meter at 2(KK) mclern Cur eacfi statio fi at wblcli od- 
geiTitJoiLH eateaded to that deprth. The mein pj io apaiite 
nluifl bA 2 MG jneterB for rtrlile LBLLtudJuLirua lAUie 

ALUnMc iM Oii Parlflij bi+ seviri td Utlr C |. 5 


TlbL* Cl. Compa.rJwft 01 rtmcw^rPLtiflra pj phnspiialc- !el 
P icUlc and Atlantic, at 3000 nurtvri iccordlng io 
ChrJUftf abiemibQM 
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AHailic Oceui, - -la the Ail-antic- tfc# £AR- 

E.fnt uf tht± hIeep nL-er lncTeaa^d trom cwrth to wwUi 
praei Icall j bb far is the oOseTniagna esctenried. Ah ipUI 
be qm item ttw -tafeH, HWlh laliuid* +0 fl aortfa. ite 
averige ralue at 3fHHh mettrh f*s TS m* PO| per cahfc 
Kpeter, ijBtweeo 40 u md 20 & north lt vie Lll mw, 
soirth ^30^ BOrth 12D PO4 p#r eulsle noter- " Tbe 
ucpSnnatlaii trf thla tUsb-lbnrilSA mml te BOUgbA In dio 
nature ot the cir^alBlkn d lh* IffrrtGl ALLUtl-ft (J-A, 

Tfi, Al ]l 

Tbls subjett «lll be -dleeiLBa^d CSirth-rr in gqmaeetKuk 

wSth tiir d Ln^unslan or tbe ptuefliale cxaUtent at lite 2EW- 
roftor 3-prfL Lb iho Pacific. 

nrtnr fTraa Pacific «i couintemi r^nal 

rardatlcui lb pho apiiite sil 3CKK1 netor*. I* evldeirt Iron, au 
oi th* aealcd sfitlbn lura. There ne i 
gnMiLdt rible ta_rLalJoBi Iroon sliiJon to aUikm Wt i prfi- 

pfTrnni t diBHgO In ary idhrigLlOB 1* -JUlJcUit tB CllH-C-era. 
The fcn ddJprpnt lilltudliiii *jf*ie (b«« tahle CI) F 

hoFergi! fflww m pr^ro»lrv muul to 

aortb ha the ccmceutiatlOTL of p^iosphat-n, Eho ral jti U- 
creas ln^ Erani 120 mg Ff >4 per ci4?l c sopter bfiive^a EbU- 
tudei iO’ jjkJ HU j scoCi to ISO mc PO 4 prr cublc meter 
K>ith nf latlhude 10" north. THU eouth-norE n plioiphaEe 
gr«4tanl U in i^ont vlLh. ttae asaiuaptlab ih-at praclteaUf 
hJI tba d^ep mtrr g-f Oie PacITIt QrLglmte a dn the *aJtfl-r&- 
tlc and iral Eo nor importuni ealsnt at tbe anrlace Ln th<j 
warmer araia and Utat Ihla wst*r is slowif mortif north- 
nnli 

^mEpiriflon al QceBBflj --Thf mnwt ^q|«E-n«tlita feh- 
ture rt Ahe pbnapbaLe dUlrlbutlOD al 200D mctrrj Ii Uhe 
gr«Bt dUfrr-erLr& ln Ute nluBH BbiAlned lh Ihe Fa-dJlc and 
In Uie Mksrth Atlantic- The mmn vilte Hsr ail CarnwU 
Mkirltc aWiartB itas I M xe per Cuble meter h 
whireaa for tfce PocliIc II vas 342 mg per <uHLt nae^«r r 
0T mrtre Lhin twkdi ae hjftl ae Ul the Ailanltr. Tht blgh- 

T?llT>f nbta LucJ Ln Ihe North AUaotl C h 1 55- mg PO4 per 

oubSc nrftiTi na unlr alLghtly B.bcrc Ch? I«we?t ^1««, 

154 D3g, Dbulnnd tn the PactTic. TfuaHiBeh (lNld td» 
looiBd ivLe* 99 much phnnphale Ln th<i PacLllc at 2000 mv- 
ttEfl u Lb thi AElairtlc it that rieirth. Furthe fm&ps, he 
luund tkl the deep nt»r of the Indlmn- Ow*n contilfl«l 
ipprcxA-ljnntEly tue B4JUC a moiuit ol phpHphait u Ibat ol 
th? Pacific. 

U nimLIax laALtudc ln the Worth Atbiutlc. 

and thi harth P adfSc he compared p the dlllcraK* i« 
Miuall? Btrtklmr. Tiili Li cieorif ahoith uu table 01. 

At 50011 nftileifl. ln tlws Huitirn Wflatli Atlantic, Attini 
ILBSfb) fcpu&d a pfc*Bp bfl.tr «U*nt eorraaponfllnR td tlw 
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CatihH» r**uLL* Iu the epndraL pari of that ocein. JW A 
etatJcn ad LatttucUj M* 44 r acrtb ? longLUadje U 0 31'mrt. 
be found 1 CH cng PC 4 per cubta- n**itr r iftlch agreea 

wbU wdUi 111 mg p«r cufelG edv^t ap a EatM Uic 
Cuneale ataliona Id [Jiat g-ener nl latltydn, 

Acwrdlnr U> the jtfuoiphaEe aection wtiich D«CQh 
[lWDconstT^iHliiLnnBLhe IQUi uMbdlan. diki <leep vater 
af low ipfluQBphate canl^nlAtl^ndifl BOiithYard 10 afeiUlt Ijatli- 
tiufe £5* eoath at £0(10 meter s a™3 l«Tc*od 33'' south ai 
35(Hi ueters- Id thla seettein, bovaTcr. tli^r* *H a 
coliilcnuiH ph«np(iiL4i etmeeoiratlQ n at abavi 3000 muter* 
lwi5F 'bJch Uvvrv *fti ^ward the brttom. 

aucn i leiture fiae not bccm Inunl anjTfbtrt La Ult Pa,CU- 
Lc Qceaa. 

In vJIA Uls -dl^ferenee Ib iti* ^suillti» vf 

slriivtvAW Ln Dtp A*1 *t*V PieUl* It La UrtsrtiHtLBS ia 
compare the coiwerttratium of La the Areltc and 

and Antaretlc Qt ea ne. is the AtlujrtJc. npt <>t Gre*fUaad 
tha neeanle palar frant r nr r-egLoo of Blnfctn*^ «*t*™3* Ia 
laiitudr aa" nortt (Mtjer, 1^2-fi]- The £mjj *t rta- 
tlon 10 , vtitdi »ai in ttit* fliciaity, obtoliifla a verttcal 
series of phDsph-itv ddttnalaifelou £g idsiptb or i -000 
meter g. Ai ihls flL&ttasi the phoeph aio contaU nf Ui* 
«al«i ■ *\m.u iLmuJt uaiformly 6 tl mg PO 4 per cu"bLc mvicr 
rtoDi 3 DO Lo Aooa merter a- (aee Jlg. £7). Bimslarty, 
BnJwtcs (1PB1J fanni tn ih* BM-ertt* gtt F *hteA 1* 

Tmrth oi tlie occani c palar ■freni, M te 105 ni| PO^ per 

rabis meter at Ihe twrtonj and conatdBrakl? k*fl* t^An 
that amo uni near the flvrfaee. aierdiup J1S33} at nlno 
stutinni in the AxutJ* uorth of 9|Htihergeii lound «fsolly 
Lim w^atuir Bdot 100 mftwA li *ll tb# p^aa- 

^h*t« waa rttber iLniformlj dlntr liW^d ^itti iepih. 
of hdn TUuf&. weiH bclow47 mg per cublc mrier 
B-ori ul_L^ eme via ia hl^i a a 13H mg per cuble meter. 

Krepe and VarJbULAlLk^a (1 fliO p 1032) LnvevtLga.ted 
Lb-n BmKhOiLl mr UtlAa Ln tbe COAEtdtrl Lbau OE nutri tDIB- 
ln thi B*rcnU Bea. Eicc ta Augufft «m Sepicmber Yheoi 
thorc mb aa aecumuiiUlDa oi phoa^hatr 1 la the "botcoa-L 
witep th^y yrip fbiiid canceatfitLDM axe&KLlfig 05 ng 
POj, eubl-e melAr. 

Th* AnlaxciSu;, h'3 □ ilir nlhtc hixJ 3 «aalALna much 
mere phoaphAte Ihsra the Aretic. At fan-rie^n irtatLpn* La 
the We-ddelL Dea, Ruud (1030)1 found at A50 metera mare 
thAa S -10 itijj pc* LUiril ai sBQat atitlon-a abcul 390 ug PO 4 
per CubLr meter ad DOmparrtl VLtll Leas UlLti flfl EUg PQ 4 
ptr eublc met^r iji tbe tfurUt PoJii 1 FrOirt- Ftea 31 lii-t 
Burlac-? Ruud found feigh Tilu^a, riAglng (rom 121 to 
10 B Dg per euble meter, WattenJfrerg (.1 32 1 ?*] fumd 
Blolla± tfibdlLIaDS ln Ut* AtliAlle at alHut nath. 
DHOOfl (lft$5) r^pextod 197 ta loi ipg PO 4 p*r ChibiLC 
Jii thi? v itar ol Ih? Ap?=r-[:t^. 

TjIUBi It goema to be veli ealabLlBh«l ttiat Ihe hsrrth 
Atluilhe fiijd Aretlc oceaoa Hat e a lover ptroaphale cdd- 
teDi ttimi du the Qlher ocuina of Ulh world. 

Acwrdina h> Uit dlstrlUulkn oJ inllnHT Oitr^r, 

■ 928) 11 1« Apppre^t Ihaf froie bhe equator to latibuXe *Q" 
»uutbi the wat^r of the &»uth Atlantic between the dep“thfl 
oi 1000 and 3000 nactera La i^pLeaUjf North AiLaulLe wi- 
tee } ur Lgjitiit Ln Ut* Alfdcinjg LLxei L^tweeQ ] ai Stude a 
3D' and 40'mfQ. A a thLa wiitMr mareii f&uthVB-rdirDm 
the ccTYtral Pftrth AUablLc Jts phoii^ifitc coidrnft Lb grad- 
unllF a.P[nnpntod hy th-u decompogLEloni of Bifiklaf detri¬ 
tus. Is ihe Joutli Atluitle thli viter ln ofertiUi bf Ehs 


Ant-ar-ctic lotcrnedlat-v -Curr^Al >4 rleh in |JMi- 

pinale and wkleb probebly contrltnJtvi »qli pheapkmtv 
1 ILs laver- bafdee ta the waier feeJaw. ThuB Daacan 
p- - 33 - 1 ) pciLntu rnil (fh_a_t the dU-xlmiLDd araoubi of 
U^lO-BpiJiatc oocucri a& tbtr IrauEidirj bctwFEa Uidbe Ivn our- 
rerts. He also Jodl cite a thil lf th* gr^tcet yerilcal 
mlxlAg tietwesai the \m eufT^idB iai0t placu betvien 

UtHlu>d£i JK" ajwl 43 T Afaitfc *a OulI 1_ht= phuAjjkit-6 Ifi nut 
lost frocQ Uni aniarctlc xane bvt I* rcturniJ ^ ii ln tb« 
df-pp corr eat. PJ In (Jie Karrh Atlantic, an tho othEr lia-nel, 
tuere la 1 flioTf taerease ld the conc entrat Lon ol phaa- 
pbaie Ln great d-epLh.^j aJincugh Lt alw^-fa remaina re-la- 
tiv«i| lov, 'Thfc* d|ifLpi^Nti«ti -Of pho«p-bai£ d pptaxc eo be 
iwciLlIar tc thl tforth AtLnntlc. It docn nat acear ln the 
Soutii Atlantic nor lm th« Pa.-c!ile. 

The di&p Hieir af Lhe Wiirtb AtLAMlc li paoT 9 il phoa- 
pWc bccao-iff praetleaUj iwd« (h* nwihfrr fram wTilch 
lt orl^lpui^n comtaLnE sh-f preat quanlltiop of ptwEptaabdr 
The B-LnktDg vater ln the Haigaaao S-ea wrttaliLB Lil- 

iLe phoapnate beeauae of the pecollAT hrdrograp^tc co>n- 
dltlons and beeause er the jkhptapdAnaton it me aurlace. 
Thft Worth AUanikr Brlft OOndllAa flf *arm BnrfKt Wlter 
wiih a ]<y* phoBphsl-h POnt-coi, THrArctic vrUt KAabvda 

ehrnm tiv BrujeTlcE (1931) and Idverdrup (1B33) Io bo 
relfltlTely poar ia pboaphBte. The cold vater ln. the 
norther arnofll part ol the ALLH-Otle has & luv pOioepbaJe 
ejulent is indic at ed bj tlue Ca.rnegLe obaerrat-Lowi *t aLa- 
elopi 10. TN« miic? froai ->¥hLth M^rth ACIbbI-Lc 
rcc^lTFE vater of a phoephate conte fit carrespondliig lo 
that ol the arttmr *cems Ib Lh# Antircclc leterJB«dluta 
C ur-rsHt vhleh ^nitra the tro0ul JTmrth AilmUc, bul Ihf 
ib^uxti bf fcatrr HiwitrJ^tted l»y 3t to- ihe NortJk Atlantic 
iBU-st be regardod aa ribtmlf ama II ab compared vltti 
the other BQueeea , 

The South JUlanilic Ccean la rk(h la phasfdia.te b*~ 
OKildB Ult DLlio bstdy 0f ItAlSr Mfno SflfH) hnrt 3W0 ttit- 
terfl tina trsTclcd i comparstlT^ly grrat distanee i£ 1 
Lcucl ot vlilch ptioiapJiatc Ib bfllftg llb«ril«l r and beeauae 
tbe LhtejmedlBi^ viter hb*te and Lhe ■fc.tiitn watex b#- 
LflW angLuali Ultfei AM4 j-cUc «-hurc thr conoentrelhoR] of 
pbasphiL* H H 5 *h, 

The dvcp waier of the Pacific t>cean U> rlch. Inp^wa- 
phale partlf beeauac It daes tut recti ve- any Iat g e-quan¬ 
ti tlGfl cl wacet 1 rr>ai amer acearis that are ]mr ln phoe- 
phale^ ind pacLJy becaugt Lt Jub lackwl coruct wJth tiit 
cjQiTertJniL isypr for a ]wtg perLod of tine, That the Lal¬ 
ler Ib Ini? U andlc-a-te-d ‘by Ilis lov aiy ge-a e^BLent 
r emarkabily uaiiloroa dlairlbolban m{ aallnliy and temper- 
atm-fl wfcicb pierail thx^rughaLJi th* de*y irttex oJ the Pa- 
cUic- 

Eri^t^p wp^alra<Soci oi jrtLQBjrtute La die Aot - 
H«flG thui b tTie Arctic can probati ly be accounted fdr 
bf the faci that Ehe former oi cuji 1 * kd elater cwvtacl 
witli tli# d««p water 01 menoeant Jdja.cem to It. Sw- 
drup CIMI) has deecrlbed Ebe pro^J-e mtofl- vi tdie mia- 
lflfi -flf Lh* d^rp wfctsr -of the Amtaretia with that of the 
ocevms rrooind ing li, The ArelLe r on Uie nLAer huod p 

h«cau-ae- It ln- EeparatHl tram (h* oLh.tr uc*am by bid 
maBE$E and oeeinle fl«^# *fcf It* TratPT ft™ 

odiar bceuj rl«h Ln fiicspli The vater vhlch kt 4oea 
rccctre froci the Atiani Lc amd the ParKle miiEt be Irum 
relatlTe-ly neu the earrac &, vhere the libiiH-phaLc sontent 
Ib Iqv, 
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rabie C3. DlBtrJJhLtJGA. ol ph^aphuit* Eox muiac4, iajcr, trucido il sone,, arsd 3000 naelera. 
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TEE OISTRIBUTION OF HlLlCJlTE I3f TEE 3£A 


CMTHdCU^TtO?! 


The ai Meate dLnrsnlved id the m Jfl Sirrol T-ed. !□ a i nuaiber of worfc-er&i for esampl^ Hiirfif aitl irntae 

numhpr of blalDEJeal and geoLoglcal proceeees. Miny (L19H P Rlehte-f (1SKH1) P AlUn ud KeLhdh (iflSO), and C-rm- 

■oaruie utLUl* SlLSdili fie Uie DunfltruciSuii «f pUMiDSSJ. A* ISifl Iptib In whtch th esc COB1- 

bheLr ce&ta or ah4lla p a.™! jh^f boi^siu KnddnirnEex-GnLa i n pnundri r.in h*i vHUacd, ih-e» mirkeze are net in a.gree- 
a hL^JL pareenla^! of «L[iu, 01 marine o rg"a miam s, the mmi, hoiewsr* and the tpaeetlo-a tri th.e nature o3 the 
d]i(jetn« -are the zuest impartast -cacn&itHiers *r alllcajLe. i comucHind b utilliM) by the d-Latoma ln naliuat vjitrt U 
To bIio w tiie dependeat * -of dlata mtn>a di taol t rd nLitton i jret tu I» solred. 
compQundfr, culturt tiApt rJ jucd lh haTr bua mndtacCfd by 

HOTCtUCAL 

ln- the se* a c^rrelat-Lon fc&N-een the aNmdajw:e- af I IrtAtattt W-rai9*d viik d«j*ili frica lED 31 t* ISO mfl SlDj, 


□latome and die fluantiSy of allicat e ln the waJter fre- 
quenily hu bttu uteerved. Rtben (1905&, l&05b h 1910 h 
19115 launil a BMiatKnuL fluctuatio n in tbc nllltalii cDfftenl 
□f ttra walcr trf tlw tfarth Sea. and tbi ButtJc cornei pgod- 
uiE tm the bpdbciu. 1 fluctuat boo Ln Lhe ibundafie^ of pfiyto- 
planAtoa. Thia is BtrlfcLBgly showri ln a dLigpaeu by 
]0hlLatAB£ (iBOfi). <&Hf -J. p£rted jUrk FULen tb «li^L EL 
EUMJmup irf illigat* In NcPTPintcT iUiJ P*4hniHrJ *lth i 

tm LnLrnuTTL tu Afa"!l *Pld M BT, Uw mlaPTOVEH follfflH-T* th*- 

muLoiuni ahund^UCC pj filSbE^CQ -B. A BIDHLsLT «UT *L Bfl lOB 
«ii Twted by BriDdt (3,4205 inttie Qiltlc. 

cn tue tlull os Malae, weiia (ISIS) ronuL coDtectri- 
tloifla &f aln«alB durbifl; tSi? #liUer nenrlj l*n tinni Jilffts- 
er th_an ln Maj. ln \hls fcrIoti muLmum dialem gnivtb 
occmTfl in March and Aprili. FoLlowlng ihla growth bIU- 
cate Lner-eaatt but Ia raducMl agiLri dux-lng the Lattier 
purt ei Audiat,, wltea a aec^iuL p«r L-l-hI uf d Latiaro 
oetUTd . Dur Lngf A niifflber *jf yfiUff Atkllll l^lp 

isaa p 1930] 1 «bs oWrredl a mautied eeasonaJ yariatlou Ln 
sllkatf in the Enfllali cnunei. ror ena.napir, durLng 

19Z3 lo 143« l wlnter imlrnuoi crf im tn ILQl me 810^ 
per cubic meter feli io- &0 and JCK) tdr tn Appii and Jane, 
TWmpran and JohnBOD [LS30] h ln ik>uj«l r 

a reduetlDQ Ln Uie alLlcate ^a-nien! ln Majr 3.rui J-uma; uul, 
Ln "tne airiai of (rwrjflia r aesu- the mwitti crf the Fraaw 
Ri*£>~ p L^nsp and MtPhalJ ilfrlP-) Jiote-d that 

the «iLllute content rarled wllUthe ^rowtn uf dJ atoma. 

Lt was fm Liftci that tht greai^ct coiuumptl^n trf jilMeale ai 
deptha vne-rtf Jlalfluaj itet e itaftduC oecwrrwi in iieiit. 
CdBdLtldnA h^rc* htjwwer, are cepm.pl lMt«d Vf Hie treali- 
wiier dicK^-a rgc frem ihe Fraacr EI L ver. Aeecu-d l* 

1 iiv-rra I EP.Mcm b csrrlwl out at the SatippR ]natLlutsnn r Ui« 
asaeonaL tat Lai lon La allleaie aJujLp the cina.it «r Koulhein 
CalifornlA La leae praunktc^d |n ]frf ]9CRlltJfa 

reftrred Ui r yrGEabij b^uvee of upweilln^ aC mibBurfaee 
water. Cunilrfrrablr chAnpea id .the Blllcite conteni at 
Ude- aurfa.cp may oeeur at any line ol Oie y«a_p. 

Eince tHiton a ±s.b grnv aniy Ln Oie phaljjyAthtlic 
zone ind alnee they a^feth^ qhLef cAneeivnerB uf Billcnia 
in th* se* r ** flJKnild ejtfwct lo Clnd A lowercoicenlratian. 
of edlLtaU in the upper w&Ler |«jert ihan ln Utie deeper 

«*tr T T^al th Lv Iff Oifl- w»e bsa becra Erineired by *ti- 
crai torkerp. AUUiid (1930 a) preaentB data for vertitAl 
Bcrifli or taiupje& taken ofi oi» soutn or iraiand, and -ofj 
Paftdga], Ln Uie Buy sj ^itay P ^nri Ln Lhp FaK>e-l£«]AJVd 
anJ FiiTnc-SliHL^nd thiuinfi]»?. A] L iKeBCBhow iuibicruse 
in the ccmnervtral Ldb oi aLLl-cate vdth deptJi, Tln? eoncen - 


pw ™blc n»Vf7 nl tb-e nj-fince-Tu *wmL +Dp png per tiitilt 
meter at 5tH> meter b. At 1000 metere at Oie stati mi trff 
F^rtugaL a iraJve of ftM> ej^ sioj per cublc meter was ■*- 
i*Lppfl F “but at ttir other itatdeiifl Ute CQUCMitratlon at Ihtt 
lerei was 5^0 mu 310a per eublt meter or ]«■■. At 3<W 
melepfl at a BtaMon at latltude K* oortii» iongltuta 1G P 

teSt, tke fifirtritnlrilJtHi bE allleal^ WZ.A Mg SIO J JJP 

tuW* m^ter. In Ui* EnflLi 4 li CK^umel i b!bU«J incrcaje 
oi sllEcate wiCh deptii do^m to 60 meter b was gbe^TF^d* 
(Atkma p L930|. 

A muLed Lacrea» Lra Uie- »a£estratl4a of bU Lcat-e 
miOi OcpUt n$ lintnd "by Wghc-rg(l^®r ^ 28)orr Oie CQifft 
ui pggihern C a] Lfornta and by Big^lw lnJ Liall.* (IWd) 
in Mn nl erey Hay. Tti e re Gult b of tb juta wt L^ulnr • v| ]\ 
be dlscusacd later ia a eompRcisoci of thefr dala wLth 
Ukoae of Uig Caraecie- . HmichiiLaon (1S5 0:- atudled the 
«LLl»-dlsibin f «LlLLud ln the np|^cr 2P t c 30 yarda Is tbc 
fftrall vi Cnrgdfl. Th* *SVT**M ba Ihe ^QmaeBir**!£Mi of 
E-iJlca at ihe depth wtiere Lbr raa^lra™ Dumber uf iila- 
temfl aceurred vas Tery atriklng. At 0319 itnilnn tn par- 
tScuJar th.e oaiuceiilraflan of BllLcat-p decreaa«3 lroip 
iJtivut 1000 mw SiOi i>er cuUlc meter^ 1 it Ol@ aurf acb to 
1 *bb than 1WQ mfi SIO; p-rt ciaWc- 03 * 1 ^ al * jixdJl 
Icwtbe siariace-, fihe depeh at lrhich the muijnuei Jlsifitia 
were unst num.eeoua. EeLow thls the aLllcate contcnt im- m 
p.mHBtl u> saoo eng S-Spg t jer culdc ueber it 10 and 2D 
yardo- At tr-s otlicr ntalinm a «I mi Lar cgrriiiafKiiideBce 
betveen riie sbundar.c e of ttialoma athI alllcatt nud drptb 
was rouDd. In Ulla Danae LoeaiLty KutehlDaGii, Lvcelb, and 
MpP hall «S1B-2 BJ Lj.l«r dcl^rmSEied the Biiitale "fd Btent lo fl 
d epth ai 25Q rajde. The «cwiceplraiioii. «llio-te vas 
1500 sny SlQg per cubLn meter at Uie eajface F ooply 5W5 
m|f ii a y irds r and reached i muiliugm of S &00 mf per 
HitilfLc cneittr il IDD jardu. BtLuw UlLfl Lhere WiS 3 sLLgflt 
4etMea.Be. "Ohfwla {193!) rIvcb the rmK« Of the aaU^kb 
crf filxty-elght rertlcii serL^a oJ sampira takcn ln ihc 
flKMithern part a-[ me ] apar. Sea by ifie 9mum Marp Id tbi 
nons^T nf I32fl. AI *HK 4UUAA r 3^ BhJih la r op^flihj- 
aJtlve ol the other «talion ln Uni r«gkn P the illlcltt cn 
content 3.1 the purface vii 187 ms SIO; psr cvbhc nitv. 

Im CQaparab]r mlcii CA faeale and ather daU. 
A^ans- fimre&ue Dmlllp]Lrfby ihe raclar L3. see*t- 
ttna jies!?; Pl e a?], 

b ° n P a K e 3a] Hitchiimn atotea hia r^nlta are ex^ 
presset lb ''«-Ki»? r Ihen. H.frf F ' but he utrrLfjiMlT meanfl 
"parts per mlLiLou a a tfujwn by hlff grapha un the imxt 

where the jfrailts *rc ftTen Ln CLg per liter. 


Digitize-d by Goosle 


Original from 

UNIVER5IT7 0F CALIFORNIA 



32 


FEEUICAL HEffULTB QF LAJT CBU 1 SE OF CAW^CJE 


B#t* 4 «n ID aard BO nidori the «ncmrtratloei flrp-pjad ta 
130 Hjd 13® mw per cubLc- meter, bul bcSov tM*. II lfl- 
cre&ocd staidilv io the IotceI dcjyth from whleb sampLea 
vere coliected AI 1500 met ara tbe alllcale eoatent 
Jiad. reiehtd a nlue at 24S.fl tug SLOj p*r tuhLe mtfow. 
SilluequentlT additi-ima L Invenit Ijptlti ni Crf ttic Akli£At4 COJ- 
icnt in Japancee wsters hav^ fccen rcportcd hj Ofcada ln 


thi«n Journal of O-ceanographj publlohed the 
Marine Obaervntorr, Kob*, Jnpaja. Prevlan* to tiis lant 
cruda* at Uie C*rfl£«:Lc Uie pn|j gbseiTrflora of «SJlcata 
erer rt^-rlrf far d-epths or-er S Od* matera vae a serica 
obL* Lrird by A4h=llia (1925) lU LTlt MliUilC. TSfi 

Carn ecae deteririLDeiJ alllcate At twehty. tL£ht jUaLLuqa iund 
tt manjr ol these lo depilis of 3CKKI or *aoa meLem. 


CAKKIGtE DATA 


The «ruantit Lee ai adi scate CotumJ tsy the CarnegLe at 
varlcaia -L&caJLdtiea and dpptftii are abowo dn rtior aeetd>a& 
prcllle* cDrruapundLog 10 tbunc uiiitd Enr Uie ptijnLcRn 
cuJKUtlLnb and tbe other duejnlcal tiibitaiiccg (bcb t-B 
i* ia-ss), 

fleelEfliV. fltitlaftfl LSI Ia 141 H* ia*» ^sibuii 

aoTHifraatward from iis e Sajmpmi lalnwii ^UU+nde 14° 
squEIl, li>n£ifrud.r ISII* wr^nj ta near 3an FrancLsca (lati- 
Eude 2®' nor Lb J, - - Es c ept at a tat dor: e 193 and 134 tbe aLl- 
icate cantent otf Lite Burlace vatei m tfolfr sectLen La i en* 
tiian 500 Kig 3LDg per euilir curter, Tt« d;frptb flf fhc S(H 
mg ali Lrat* eujFi wIeib cmuMtaribly,. «griendlngtoabaut 
ano meter b at hqh ai the flationB-. 

The allicite cantent Licr-eista falFlf f^ulii-Sy wLth 
IncrEiEifig d-epih to a lerel ulibout 9500 metere. Ai 
depUin abave th3d Ir.wcl tber-r 1* a coctlfiuou* decimae* 
pf f 1]tente frQm mrlli?aEft to aoul^veat. The curve of 
mu SiQ^ P^r -culti£ jsaeter. irhlch at otat Liu 133 n ut 
abeut 500 metere, descenda rapldlj ai rinrt and Uieti 
mort graduilly and irregulirly uniit ai MLttlcr l be i| Li 
alma et a.t 2000 m^iern. Belo* 2000 m-nlrr i IHbpi Ii i 
mUlauni lillcale CDnCrr>+ 4htt«HlB 1J! to Hfl, 1&3 to 
]B4 P uvd Ii]. It Lb r-roVjpibLe mat if observatLona tiidbeea 
ot t a iTunrt from great er ^dleptha, a oaaxlmau woutd ha ve 
bc«n found aleo at otiner atalSon^. Tbe maximum nlue 
CAniEtP 6<KK1 Eui£ 7-LKM> EUg S192 (Kr tnlslc Ufrtrr 

ejcept at Qlt utree stailcuifl DCarCffl Ihr oniRt wticr r It L« 
IDiHK^ Dlg 3L02 |it.r r.u"hir metrr. 

Sectlon VH, aLiii 3 pfi| 1 3 g_to I jJ 3 L ot Ume iorlh 

and j+judlh ln f)n contrai jr&rtii Pacific fallAVUii ip^rdi- 
traaiclj Derldlui lflO 1 real Irou tlie Himilou Ealuda 
flatiCude 33 11 nortbl to abaat labltude 14' mrUi.—The 
Hurface vater ecMstaln* I<4* tho.ii flW ra^ SIOj psr cublc 
meler thrau^rut thlf IP^gn, Xhv lllcrGi^^ m tbe BU1- 


cute coBterrt wltn degAh 1 p more rairld thaa, In ttie tisc of 
9«cdoD V . Tbe cur ?e of 500ft mg 350j per cnbdc neter 
accura betwecn 300 a>ud 000 aertera. A majiliiLim alll- 
cutjc t*]q* of TPOO mE psr cutik mpter fftuod aL m- 
tlffra L42, EliPonJ? rtstlor nbflcreation b. • i i?f e nb- 

lAlned fposb sufficient d#pthB Eo aho* i nulmum. 

5epLl*a KTV. ataitlQBA 1-40 in 133: froia the KavaiLan 
T«lA4da b So-O PrhncL#po. - -T*fl &E itLeae alillae*, 
nniaely, t?3 and 134, axe Lncluded a3«o in Src-il^a V, 

The canteturad*m of slllcat? tu Ilie nrtio» layvr !■ 
DTer "5M mg SlCj prr tublc meter, utept at atatloaa 
13 t f U4J, and 138. 

The Uierei» Ln AlHuDte wlth depth Li iloiUir tmJixi 
ul SceELnn VH P tbe SWO-ehh rurre occurrang fcptween 5fK) 
utd 1000 melcra. The maximum values at EtaEloBa 133 
and 1 S4 were «l9actLB^ed. ujw£er Sectlon V. The buObux 
ia fouiid i] 30 at etnitba 135 rtiert Uie blgheat nlue ln 
over SOOO cag 3 LO^ per cuMc jnet-er teLcw L$M ratters. 

AL etaiLun L3 j Ui-tr& lf 1 iQu^un pf CTtr 5000 u[ (rtr 

CiiWc Urttcr At 35w ranlrra. 3oulh*tgt df iLatlnn 135 
thp dcepc.H abitmilOAA nhnw B sJl^Lte tontertnf ubcnit 
7M0 p*T e-ublc meter. 

g^eiSee 3CV. atniliau 141 b Ufl: «a rut ud «EiL 
Mttlon ln Ql* «ntral No-rth Pacific-, aUfodlBf apfmxl- 
mateljr aJc-tag die pajaJJ et S3 fl narlh betveen LongLtujde a 

141 d iicid 141* weat.- -Aa At mael cUiaf aUtlcna, th&caa- 
«MralLtici of migUt lfltie- mirUctr LAjbf Ia bclciw SO-Q- 
m* SiCi per ci*tc ro^tar. The TArlatLom Iji edlleaicwllh 
d<rpth Ib slmilar lo that in the othsr HecrtlouB in thlB gvn- 
#Tii TflrtLCT.. Thi CJTTfl &f 5000 Uf SlOi |M t iUMt BC- 
(er Uea between ^54 tuid 454 mttera excepi at srtajttaB 
144, «here tt la at 444 raet*ri. fibei dute SKKM mg 

tvhit sn*tfcr mere qihs^rvvd ln til* wftt« *i*- 

Li?A I44r 


VER.T1CAL DISTRIBUTIO» 


A Biimmu-y a* Ilie Cai-eeatle aIJL^U <Uta ha pneest- 

ed io tAhLc »ti«* uit ppsttirt ni rtuliH 

deptllA I» gltfen ft r MlitLiSDB nnilh qf S0 P 

ind frr elatUFfia eovCh of that LaEafude. Th® m™ nl- 
uea lar lhese tro Kroupa of sutlana ire also shpina 
(ETaptiLeaLij ln llcu-F? CIS. As shova bj tbls ELpue r tftt 
«BtiftiratJd ri af SllL^iEe it th« feurfa.rK bs Ih* Pi- 
cille xverAgnd jah?ait 544 cur Si&a pct cwbic cnctcr ft 
Ah« onxtlnrrn. suuoiih Fmrt aboul 300 niff at the souEherm 
ntntlann. The curve fot the BDuLhern atatL-sna &now& a. 
gradvftl dacrcare ln allicite irom th t aurfacG te alNtit 

3000 me ter 4 Tdrbtrc a nlL^KL mflJlTnuri L| aEia.Jntd. Fur 
111# DQrlAerh aiitloim the curve ftovi a mitUurf: 1111- 
«iLe cnptnvt fram the nirtace th Bt) enater b, belw vliicb 
Hiert Ia an kncrease whLch. in more rapid than ka Uie 
case od the sauthern pjoup. At aLl deptha be-iarw 550 
met era Uie narthera Matliviu n.T*fng>e a muth higTier 


asilenie a dnie-jil inp ts du th* achitheriL. Thia ftet wlJJ be 
Biidn d 1tfflOA*l d!ftr!^°U0a_ JP 

Thi Tfrtlca] dJ-Btrltmllwn oi rtUartt Li aj 

factore aUnllBi to Oiaae that cantrol the rrrU mL dLntj-i- 
thjtlDD Qf phuHpiiilH and Dth#r Mitrliort rubatuicca. Ab 
ve havL L paloLed aut pravlAualy, the dLaLania, vfikab ln 

nsnnt l^ca|Ltlc* *.n& at mut jJrt thfe ihlftf fCB- 

BiltiHiel-B of tht phrt^pLRritlon a cpnjmjnE In Uie 

pbol«i ft^-rit hei Lc aome-. ffc han sfa-tod LKAt (here La 
a maraed r edactlo-rk of sUlcat* ln tbe ■aBlucc lajer dui-- 
lrtr ictLre 4Litam grawth and b r^gcnvriitton ?f tht» mib- 
atar.c e aL otlier perdodBi 

micr« it a imtibie -ddJEerthce Detw^en Uii nrtlcBl 
dJ5lrltiiL3uA*E flLUcate uvd auter DutrieerE BubetanciB 
todith ±t phiapKile. Iu the caftfi &£ fl LL1ilt5 Olfl UlCTeAM 
viili depili belbiiP -Uie jmrfnee "U^ev la lean nbfii|pt and 
Uie 1itcr»ar «gnthEniea to mudi gr^tcr depChn Ihu ln 
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TabLi! ^ 3 . hteici alllcile canrtent at ptaerfard d cpths 
kfl tfcc PiClJlG ( 3 H£ SIOz ]*r littr) 


Depdi 

la 

StatkVAP S33-H^ 
SvEveen iatlbsdiCH 
30" and 34* W 

gbltena 150- 1SZ, 
BrtwiviMi lilLIidtl 
SO'Nsuntl**S 

metere 

Mtan 

S1O2 

Ho-trf 

cta^nnn 

M.:an 

SU>1 

No- or 

eUtirAiia 

□ 

0 51 

id 

a .11 

12 

i 

0.53 

JB 

0-33 

12 

35 

0.51 

16 

fr.40 

12 

50 

e.50 

id 

0-47 

12 

T5 

SMB 

16 

3.4B 

12 

iW 

D.BD 

1« 

a. 03 

12 

200 

0.77 

16 

Q.&l 

12 

5D0 

1 .10 

1E 

1.34 

12 

400 

s 01 

16 

l.S« 

12 

5D0 

3.22 

IE 

I.H 

12 

0PO 

* 0B 

16 

2 50 

12 

7 00 

\. B3 

13 

2.W 

12 

m 

5 53 

15 

3 31 

11 

&Q0 

fl.Oti 

15 

1.54 

12 

IDW 

0,43 

15 

1.7«B 

12 

1500 

7_Si 

14 

1.0B 

13 

toga 

4.0fl 

13 

1.8-& 

U 

£500 

1.19 

10 

6.44 

a 

3 DDQ 

4.20 


6,43 

5 

35W 

i.03 

1 

6.50 

3 

iWH 

7.-B3 

6 


«i 1 

45CK1 

7.19 

i 

. 

„„ 


REGKNAL 


FLpire CIO ahove Ehe mean rertteil dWrJkwtlon 
Al]l£alt it twij gTijiLp» &F CfcTnegLe ata-tLoae. Curre A 
«^rjmn Uw: nacan dlniritiuEiiiu at .iLiiiun^ ElstVftSB latUudffB 
20* and 34^ north (rtal Itone 133 to 14 P) wticrcaa curte J3 
pspreaefitg Uie m ea n -il-gu LtHmoo at starions b(?t**ii ]it- 
llud§£ 30“ UTtltlMl 14 f AfrAtli (fltitLiCifl ISOto 1#3). 
T1iefi= i^urV-ti. ahciw Hili Oie cdtt<4AJtfltlAA Ol AillCfitC lll 
ttrr upp*r 35fr snuiirrH iT6r*f*d emScnt LiL]^ the UUC at 
the two ffTOypff bf BtaClons. AnQt^cr ^irciLLaHty i* Lhal 
botki curvea e-hsw taislnaa at abenut 3040 metera, Hiem 
ars sirllLig iSlileieac-eB, haw^Ttr, between tAe 
grDufia af Matlaoa. At Uie ouuintm ataaLoDa Uif tncmivf 
jn au Lcat* HrtUi dfipth wtia murti i&ori gradui] IMIow 3 00 
nattere and Itat fluantitlri laver Lhiri at Use mare 
nortti-eru nE^Hama. AE 1000 and JDOO radera Pife mean. 
Tiioe-ft l!nr the t mo pp-oupfl od sIbHqtib ■were, rcipefi^slji, 

6430 4ibd 8£fl0 mg SiOj per cuMc m-eter for the tn 3 »x- 
rte io ni e r but c-rily 3 T B0- and ■0020- oig S-LOj per cublc m-c- 
tcr tor 13ie itcplc^. At di dEUm ksrsU telo* about 7W 
eatlera iiwre raa aypTQKliaai&Ly tAe sanae dltlsrsocs be- 
tween Ibe alLJtiie cunltot ii Uic two graoipa ol statlonn. 

It ln dk|fScu]t u> aielffn i i««n fer this eitfJtrtflte 
SntAd covuentralLon af sil Icat? In ttic ^Fitoepticr* lnth* 
(wo r^flsns af tine Pa-cbfLe„ ALthouffh iher# !■ prratlcml- 
kj ma pufl-gltiLLlt? ibiat Uie aedtmenrts od Elie botlo m oJ ibi* 
oerun couLd aifcei Ltie Chemical eompeaitLon otthe water 
at grtfiL dlfltajieps frum t hi b*tt ats& r the]-eg a It Id 

katvrr^tjnf tn tv>E« Hiat tfa« l^nin «EaplEA ubtiLucJ ty 
tbf Eimctt Ch^ ptaibdpa td I3it rtaJCro «itr^ Uie AU- 
sqaci' canB-enrt vai fi-jd - » eoujjLiit vl rpd clap. alwfffii 
thonfl ^btalned aE altans vherc alhcnte conlenl ns lo« 
feserally contaln^d a hdgh percsnrtage oE calcIuoL tar- 
boutc. 

Althuugh allieata vae ratri determUMtl In. aa mny 


tbe ciae ei th^-^tme-r buL rlecta. Thls ia uuvn ifraphi- 

CflSly lp (Lpure C23 -Dher* tlSft ftrtltil dirfrlbvtJ^n Q t 

flULcale and piMptaftU >1 Jtntlpji ti Crrttt**4. Tht 
cnntLpgous incrBii Bf Ln alUcale ta gr?at deptha LfxLicaEes 
chatthe salLen o-l the dleitodii frustuJy-a dees mt dlanlvt 

ha rapmigpp kB thi irgLinJc nutter ar U4 0ltUAH dre-nm- 
pBsea. Thera \s. al.na the p^ffskbJ]ify, ho»*rer, Ghatflr- 
pmjiSzHinni ha-rln>f brUchus EieLetons Bink more r apbdly 
Uuj* dn -othera «nd tiiiiE reaeh ^reat^r deptha teJsre tlnej 
?tr? wsnpletfly dl&Mlved. Thsre are utticf blaJofkcal 
lictora TtllcA pj-ufcatpLr tuoLt Lbu tu Eq Lhti dlffarCAcE la 
dic Tertie a] dlElrlthat kjii tKlaeen phimphatc aod jdllcaLc. 
Mbat Ol Ihfi planttpa arlEiuln DaLntnln UncULMlT^ABbOTi 
Soo rniUrs *here Uiekr «CT^tery p^padurtB H47 eon- 
LrlbvE^ ninEBrlhl luant Itdea dE pti&Bpnate to the irater but 
probably da Aext add ony a|}|UfN.Lab3e quintitl*» (K alli¬ 
car*. TiliB m&y pa.rtly aCBQvli fur Lbe m.ux£ rapld Jn- 
creas* In fb&ApiAltt thm in hJ]L^iI« i n (tip 
ttrfl. FurlhnrEnprGi Etir- radipla rians i7 C IflTOlTHt ln the 
AiUtA CJCLb «tJK2C IDOSt Of thflE h>T« BlLlCKJTtS iPFtfl. 

TAvy 5tr« lour>d Dai only Io Uie pfcQtosjBtfcerte aone, Aurt 

at Lever 1-mLS. SUlei rtroin»ed from Che Wiltr by 
thea* or jfaoiAitaa w*ukd lover ikr nLII-c^itr ccmcciiirntba. 
rjltLaintDLy thfip Blll&iiie Tpoujd be flls aoLp«3 r but proba- 
bly at a Lpw*r Lcvel. Couae^iietitly the radio lar laus uaj 
be parti yr-eepflttfllLltd for th* » illiaie nubtlnauan. *teuf rla^ 
al tertis Ltuut ln tto caer [rf tkw ®ttacr nutrloaU 


rampuTEm 

kocalllitB aa ns die phooplut*, nev«rMwl«B« bW rEaulta 
obtilned. are suIfLcaenc to indicate Uut the diBLrlhrtinn of 
aUScate Se detarntlned trj 1 the auie bk>Loglcai mvd hydro- 
Kraphlc eoodiLtoDS tlut dstsraayie ih^ibatf hbutL^A gf 
ptinnpbatc. ThLri Indicite* Ihal the rtf Loail (liaUritiutlO-ii 
orbwtb Li deiermiiioti Ijt «MuntladlT die une FiLfiktal 
and bloLogic^L iactorfl. 

At 2000 Meter a the m*an phdopbai* taIim Eot the 
uartbern group ol staUbna, beHreeQ latihides 2 fl" anJ34 fl 
mrth, wae &7Q PQ^ per culUe meter; Eor Blationa 
HB I* lb12 r feiiitb of 2 U” rarth, Lt nn 214 mg PO 4 per 
tubLc meter. At thlB deptb the paioapliate conient at die 
itftuUinrn [roup of itaLbgna p tberufarr, w^h 1? per csdI 
lov«r EJuuitnr bhr nuurc norlhcrn rr^iup, vherfcin ln thn 
ML#eof the BlLlc-dte lAedlfffrenet 25 per cpnl. 

tt lo ol lntfir#Bt Ea tompar & th« rtsuLtB DbtalAed! hy 
fte Cuneale wLth ihoee from co&etaJ areae oJ the Pacif¬ 
ic, Sikcb a cj:>cnpiriflan ia ^L^en Ln ILgore fii &,. wtiere 
CnrV^S ere tiJhnwn for Mcinlerty Ikiy, ttie Li jQlll regiOD^ 
and the BTnrPflt fo-r nirtren CarneeJe artiLUsaa murtli cf 

2Q B norLfa. In Hgutsrty Bay fe and jl^P) 

rcrund ihc average tancfmtfAtJan of sJltca-tc for 
aUldoaa to be 5S0 a mg SsOa pej cublc meter it the suj- 
fa. te. The qui at llf bitreiaed rapldLf to 90 HieiBrB 

»herc dic nni) wAA 2000 nn B SLOj per Cuhlc wAMt. B«- 
lcvw thda the Encreanc betasn* more gradiaal and al BM 
metera rtie ccmcen I r-itdon of aLklcatc *ip 4 35 0 «nt SSQj 
per cublc meter. The twa jwp?F& hy Mbberg p-rpTlousilj 
gHm) prca«nl alLicaU ibeerFatlg na at statLuns oli iiic 
cciiar of caJUarnla U> b depili of 150 k ettra. 

l Tbc TH.Luep rwrW tr Bbflclow and LeeLle hiT t 
bt-?n aaultlpiI hI by i.l ta mile them compar^b-lc vithdi* 
othere. Blgefcip and L.eahe p, 432). 
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The tn £1(fvrr C19 

unpubllsJied datd for Cire serifa al Ea rapi c& takcn ai a 
fclatlcin 1>J miles oli La Jolla. Ilie curvi for E'n3s stat Lora 
eho ira thil Ute eflBeentriMQual &L Ileale vas botueeniSD 
ibd T71Q- cn R 310 2, [lur ^ubLc mfrter Er^ni tti* iiLTliie l£> 1 
d*plb ol IO DcVtrBr Eelow tfe ls 11 axiduiLLf logn-eaaed,, 
attalmuff a Talu-e ol 1320 n? 910^ At l£KI melers and 304p- 
cog SiQ^ pHjr ctibic meter at 600 meiora. TU? aTerage 
far thc CafitigU atallana al»** & alii cate cunte-iit be- 
twern 50f5 and aoa mc SK>^ prr cuMe meter to a deptti 
of more lltH-n 3CKJ oieter &, In faut. tlic iHCreas* Ln eon- 
eentf9t:os wlth depth data nat tacome msirlccci unii] br- 
IflW 34» mil&efi. At iftO UCl£F£ thfi IV^TSLgC 1 TllUC 1E 
nppruiJ oi^tLly Uitj tiide iLa for Ui-e Ls-Jalla statlons bul 
Lowcr than at Oi-a Monle-r?y vl-atdoita. It n*ay t»? nncrd 
thal ter aH thre-e series »1 stat Loris di e q,uamfcty of sO L- 
tiiLti at the -Tdj-fiict waa ipproAianate]? the- s-ame 1 ; at a Lk 
dcpthj brtwenn tbr *urfli=t and 5 EM met era the drieale 
gfatlnns rantuined eocifllderablr Iens silleit* flun dlAChe 
Dlh.se two Eepl9£ ol aeatwTii, TOis diff&r encis can prnh- 
ablj he euplaiived by bhe lati lliat balh al Manter*? and 

\tL L 4 - Jnlla Ih.rr r. Ls ? gc ui^UcriLti] t llcouuh! Gf upwellLhg 

oi waifj- from i rater media! e depihs wliere the ftilLCJie 

cunlent Ia blgli. L'iiEiiLiiJJT„ tne lilfh er sUltslc curtent uf 
tfie witcr ai Monterej tba.n al 1^ Jolla can prataabkj be 
accaiinled far hj the dlfrcxenct lultie rate of ypwellliig 
ln tfi* loeiLHSus. 

The ]qw caneiBtrallDii of bUIcoU Itl up^er IevkIj 
nj (hi* r.pcri oc^sn are ln acccrdance vkth lb« ln» phoa- 
phate caiutent ln the upper waier kayers in the s-ame re- 
5 ion. A a ejcp:alB£d Ln diMtLasLtig tke dlslributhne of 
pau>apl^ste p tbe waLrr in the t*ne p Wliich 

tiaa l?KKn dnplEti^l vi-f mulrlrnLn, U carjlrd tn drpthn m 
aocrsL huiidred mclers br ccmfrertive currsnta. A i 
jiSngwn Ln figule CIE, Ehe thres kocalLtdsB repreaenlsd ln 
ttiLs fL^ure ria.ve ^ppfOKLnaleL? the ^jav slii^u^ *flt- 
leni al EOO aiid 6JCJ oieter s. ThLa ls tn-be exptf^lbdsLhce 
Lhe UpirttiloE W^btr mlOfUf Une pCiaSt atmis frani BLbQTr 
IhiS dpplhi p.A r pp. 102, 103). 

Thau^et flB-6&) lound th-at dlatllled walar rts&c-LTea 
mure &LEka tiam reetta than dote- sta. waler,. wti&rvaa 
joLjr E19011 abtaliiHl lite oppoalte rtsu ll. Jn th in connec* 
1S0D LL ifl Of IrtlSrrai Lj> m*U that the 6^p Wlter of lite 
Pacific wntal-nB nors sllicaks p<r imLt ToLimc than do 
raany r^vers And takee. CJart (l^lfi) givsa an eitensive 
camp llatl on. of sna)?aesed natura! wateT frocn m;Lbj 
parta oJ Lhe- »*rid. F*r miri? hf rl^ri p,nd likrs qJ 

the warid the mran g| sUlcBtv are belu* 

mc 5103 P® r «uinfc-E aneterj. i v^Lue freipLtistlj obaersed 
ln Oi# Pacific. 


From Uie jriferuaaELhrt amn~bl* p LL evid«n( 

thattbe PMLflt i.i muah rSchur :n silLc,Rfcc flinn the Atlan¬ 
tic. Wr baive prrvdsmljr jiolntod out that tbt coicsntra ^ 
tJsn of pho aptiatr Ln ihe lwooe@iri9 th&vs a siEBlLaj dlf- 
ferenefl tP- lfl. At^Lha' (l&2Sa) iL^ufe^ for the ir^th 
AfLantLc Show a COtit eritriiSQm ol 1AD mg 3 Li>3 psr r.u.b!ic 
meter at the smirfacE, 4DO m* al 5D0 mstws, fl3a nag ai 
EGfift iuetei-a p a.nd |5fl^ mpr per cubLc raeter ai 3WH> me- 

Lei*a_ ti» 5 vAlnrt Tur tht^e depthfl fui ali. Carpeeifr 
iiiatigns at wlucli tLilcate waa deltrmined are F reepeei 
hvelj; #£0 h £T90 h 7070, and 7300 mjc 3-LOj per cub:g i nt- 
t«r. Nat i n.rj u ljI l jjdti rtm ln ici is at^kl^bile for e libor ibo 
Atlantic or Pacific tn perraLt definita conduslcms rc- 
BixdknR Ik^j JUfcT^nce Jil the coneenfcTalaofi d slllcate Ld 
Ihc tTvo cceans b _ nt Oie evid-en.ee polivta te » iltualbun 
slmliar to Utel in the> casc of Ihe dlftLHbuilnn phon- 
pfaite r 

As ln cki« casc of pho3sb^te. ane wouJd eapecc to 
fEnd iiipUer silloats contenc in the Antarctlc tbaji ln tbe 
Aretle. TTn? bh Ibup ±LIIcv1b vtIupr f^vund by Brujc- 
WSC2 (1031) lAlhifi Baj-cnf? £m ser e abaul ICWM& £tt>a 
per cutic oictrr, indicatLng tLiit Ib Uke AreiLc Uie tati- 
cemtfatian dI bO leate is reLaLLrely lam. UraEnrlTiruattiij, 
hDweTer p the re ire nn *bserT ft ilp H p r?pr^ LnE 

the ijLLiintUj ot dlgsahvotl silIcMt in the AntarctK Ocean. 

Slncc silLoa ls rcmulre-d by diatoma lar oie forma* 
tlovi of tbeir fras-tulss, tlic qutiHliun lus nitro twiflii 
raifigd a& La whelhcr the concenlnifon a£ filiale Ln 
watDS la eaer ^u.ffLLuw Io llcnlt Ihe pradiiclior, of 
diaitujns, IHs ltho^h that the B-lkleate tontefti at aes. 
waiftr cmi be redueed to bbucB btiu-w any nf the m.|uc* 
fosnd at ihe Ca.^he^Je st^lSo^s. fUT ■** arciylf p AlFk"1? 

reperte- far th-e NorLh S«i vajyrs fta Low as 10 mf 
BLDi per <nblc meter, Eht 3owefll caiucentritlora Uiat cam 
bt determsjied tv ttiw Dierert and Wuid&nlniieie uiethod. 
Al Ihe statLons lA^n^ werc v^rt fcw ra(ue.t M- 

l4v 2S0 me SlOs per cubkc meter whemn thn php^phac^ 
in a large ar-ea. oF tbe Horth Pacific w-r e scarccly me-as- 
urable tiy a mi-Lhfld iliat sa T*«tly more sensitive tban 
Uia t u atd fqr th<: drtrrin Lnat i on ol slLic ate. Gonaeqye^i- 
11, it hjght? probabis thaL 3n Lhi: regLnn uf Lht; 

PacUIg krvestlgated b? me Cirbcrle . a..i wckl as bj 
otki#rs prewloiifily relerrcd to, silicale does rwi Llmkt 
the pr&dueaLisn nf ddateraa. Ic ls rwJiied* Jia-wevsfr thil 
the- d-bnrenlrali on to whlch sltJcate eactraclbd 

|to?h water ondoeUedlj varlea wilh diffexc-nt spe - 
cie-a^l daaloms irtd ■frSUi diffrr^ni ptiysksl and Chemi¬ 
cal 0-0FMll(LOB3 c>t (Jlei wa-C-gj, 
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THE Biantl&UTION OP HIDHOOEN JOKS II! THE 3 EA 


INTRODUCTIO N 


Jt haa Lnng berr kiurwn ttlit 9CI vfllrr ha a a abg^lLy 
^iKaim^TtienoiL, cnaMg a ttic DcneentratiQiaoflhr hydrrMtt 
ion? slsprhE l/ *ju*&ds thal of Eli? hydrosea □cm-s - Tbe 
opem-i^ii cauci frt^allcn^ 3 nd Imnee the h^drosl-LCR 
CtfrtCehtr-aliCifi, sinte- tkic pr&ducl o( + hc It** id! j d d EU i EdUl p 
T fLrSti iw\ se a. ■water TPithim rclitlTely narror lazntta and 
1* r*£v|al«i by Ihe B*-c^L]cd buffrer m er ham-STU nr tnuJ^T 
ayfilem. Thasi AyaLcjn has been ii>veftiigated by Bach, 
HarTiy^ Waitcnbrrif, aiid orlpeEib^rc f i&aal, uy E?ych 
(I ft3-SJp aruS &y liolWTC, flr^rg, Rebile and AI Seu 
(1&34L and It na a bi-en eugi™ rttal tue ra-am fnctnrs bn- 
toItpI ?w* ih± a.aLl& at wc?!f acld#, dhleflj earbonal*! 
and bicubmu^, Frc-e and nydr^tcd paeTjira diosidc, EIlf 
tota.i aalt co-ritrmt, P-nd Lbt l^rape-ratwrE- Thfe ?arLaticTia 
ln tue hydTfrgen-iGn c^^utrutiDii snomrntered sh tue sca 
are uwJns chliefty 10 T-a r ia [ LfcnS Ln Ul-ff ftolilL C^rluju dlos- 
IcLe centeni, ihac is. the carban dLDiidc enistlmc a* Ere* 
COg ar in garbcinalear bicarbonale Lons. me bydrng-Kn- 
L&n floncMtfrUiAii ii Lftejefore- an rippruMimile mensure 
at tli« totak cirt*b dlMELde Ln t« wiirr. 

Tht (ponti^ of c^rbon dLosidc i$ fcy biologi¬ 

ca! ictlTlty. fewing eomsuioiMd hy planta aruJ tifcurat^d by 
unloialr£5jl lratiorvS"'F* 41*^ pmposilloii &f orga^Lc miterial- 


F*r chal reaaavt a corr-elatlon befwwn Ih* Hydrn^en-L&n 
comcrnlralirm and llu- ilLuu-JJjll e ttf planlE^r mlmill 
coay bfj expediti. n i* alan pruhabie that tine nydiropapii - 
juii Mncentration per se may iiff^d the phyaiol-oglcal 
praessae-a-cr &rg&ni93ii& dn the e;qi^ Mans Rpucheici Lea] 
proc**#*# Ehal E*k^ [Silii bn lh* Mi ari Inflopnccil by 
ihe hydrogen-i*in concini ra-tiian. OJ tTie&e i wf IL-known 
esampte Is (he preclpital ion sol^ilitui *E ialelum car- 
bdiule. 

An r a.r_pL 1 r L ni m.f d< iunl i?f JiLwiilSgalSOnS uf tSifi hVdrOgCIi- 

Lon nsNKeirtralboii in sna -wairr umdtiriaXfn pr tor &o 1333 
has twen publi sn«l bj Vattenberg I1S53) and consrqinni- 
Ly thifi &ub??es »j]| net 1»dl&cuEEsd in lh? prPEml rc- 
pert. waltiiiuopg ais* diacu^Mi t^e diftir erit (acl^rs 

ctaptitjsibit fnr viflaltobs Ln lite hwdrQ|te n-L^ii cancen- 
hrntion Ln. t In**?- scia,. 

pvrhnll; ®E-pl^?d |p r 3-> -thf data htrfr fjTtS*aH.ed 
are no! correctfld loc temperatore and con^^nenllj 
they are conaparatLe with mo-st ai Cis prefiavffir pv^- 
3 l-ihrri dati! ttsmpc ituse of Wicleuberg The-flata vr 
shorn in (Iu: Ftalloin srapJifi; (It[j£_ 14-92), in the pH sec- 
l Lens I ta KVI^ and alsa in Ubie 2 (l-TS, pp. lfi-S5- F SS- 
Ili, and iaa-iEtJ 


CARNE GTE aECTOMSB 


SeeiLDn l. at atlona 24 to 13; more qp jugy nflplh and 

S04ittl Jr-ini, Cf AAd ul N^^ftmuClt.ird tii ULJLuJe 3“ 

no rlk h«'VEtn ibn^iluJrs 3S ' und bD we iL. - - A.I ihi: sur- 
ilce tht pii -w^l-ues ranpr^d froro slilfbily ab^wr L Hil the 
rvortKrrnp. in morr liun fl,3 a,t the Southern statiems Ai 
s^Ene -nf thr stalionsp moscly ln the ceatril par; oE ttiL& 
sritigqi, h?sh pH vajuej tistcnded cGn&m*rato* deplfia, 
ih,e ]me repreBeirtdng ptc-6.3 &etng fuuiul aideptna beloir 
Jneteri, at .muiilp lUltions nrar thn twn pnds 

uf th« itfliiwi ii *ae as n?-ar la th# surEiee ns 100 me- 
Lers nr less E>reept al ih e laEt-Eaeniionod Eia.tl*n£ Lhe 
change an pti WLtfi dep-th Ls suall, Qtt\ly at a stationa 
tOHfiJ-d th* Soilthi I J, 5 .Ill' rt O. rUarki^d minlcnimi mnd ;it th-r 
ceotra.L Slatiufta it ia «ntLrrLj I:ll~ k.]npj. 

At flUtion L3 ihc pK is pnifflrm below lOOfl meteTS 
and at JHitiun ia it cwitarurs to ctecr^iiSE- to- 3000 m&tera. 
|n tbc raqirtbcrn pirt ot IU? s#cELoii pH= 7.9 reptcaoii(5 
the EDitiimLLffli al &00 ULet£P5. ln tlie BuiiUnirn ^art tht 

IdlFLLtb Lidd di: cura- i n Lhw AnEarpitr Jnl Frm.<Jial(- CarrcnE, 

dit vllIu« at ±Lit khn 2E ivrinR pH -7.7. T'h-e pii «of thefleep 
wat^r Thmu^tinui the sectioni It ipprosiioately 7,fl. 

Srzt ion 3T fc s-tatL-ons 34 t& 26. approjuraateliy and 
Lr> tflC Er?pi-e?J NQTth AtldaLic alung Lhi: ]Karallcl 
atraui \Z z narltv irem Pananii tu LuriRii iulc 37 " wcst.— 
Thr pH of tiur surtace water i* i buve ft.l Uiroiifflwnit, n- 
crpt at atltlOflE 31 tD 33 Ln ihs CnriWH*jn. Thn tr^n^i- 
Itan ZQf\& entekfids Ift SiQfl- mnEn-rs an the wiesteTa part of 
thr section but twWiLird ihr ra^E :E cr^duaSlT' ahiftt io- 
ward Uie aurEice until st x^bon 35 u is confiirsed to the 
upper 2D0 inmera. A rainaitnjmt in pii oecura frelween 
500 ijvd iddd iwiP=teTJs, ■wjth- *nturs bctwof-n 7.T and 7.8. 


rhi? oraipr hj^ j pH somcwhat over 7 .S lb Ihe west- 
pm puri 5 hd jsvrr 7.^ in tha M&tern js*apt of thi ssellCB_ 

geution. SL stations dO to 73 a nd t o 1 7. an Ihe 
sofiith«■ stern PaeiiJc, hegijkfttiK it apprnsitnattly laii- 
tUde 40 ‘ 30 ulli, lon^iLudtr LOO* WC3I, cxlrnrdinpr n-iMrth- 
ttorth.nMAL to thr «otst c( Peru al ]fliin*de 17' JO' -3oulh h 

Lhcnee iu>r l h-wa-T^i io th^ Cfirtra3 Ameirlcm Umh5.--At 
ihr «jrlacf mere 1 b a generat decreaje Jn pEl frona ti.it 
tTOpICS- tu lh» hl$n»r litJludes. At Ittuxcil 37 ;imd i:ii Ibn 
pH 39 2 U:yy -H .3 , and a L iil at ih nu. 3 a a nd 40 it Ls; hei w r rn 
S.S Jiid E_3. Frnm sLaC lqiis 75 In &2 H is"bpt^ecn 6.1 and 
fe.2 ™e«cjrt ai siiiioms 70 and ^3, where Lt La bfllHnw 9.L 
W thn two -snutherranaoat atallons tl.e vatuea a_re ilsa lie>- 
tween d.O and fl-.l. 

&t*luw kkr nurliirL' Chn-rt r: a m^rr rupid rhiin^r Ln 
ii-FE Ihim ai Chr Altani:r .Hiitiflns. Ihr chS8£e brmE more 
rapid in tht northern part af kiie scctLcm from si Silana 
3 7 to G&. Here tor Ume Eepfp&eBtLnp pH = 7.1 fLnuluaie& 

bt'IMM>en 1 tteqiii ;>E abdut L0 ;l=d d ti [I ftDH lprs. wli^r^s :lL 
IHQ &t bi itjO ni jii:,u.Lh oF aluti-i-n,. f! 1 Lt ix fnuind -c tReptlis bc- 
JbMr 1DM fcn^tiftrs. At sifition^ 69 aM ”70 the line-s curve 
tbi^ard thr jfiLrf urr wbich rivtb evidcncti- o( upwielllnj. A 
minjimiLm pGl raLur GCCUrB at fflJ thf E-lfltlOkE Elt dep^h& 

r-FiriKi3iK-iti?vrn tu 1000 racters In me norEliern part and 
dnwn ia- neiLrly IfsQO nicters Ln the aouUiera pari ol tn# 
rectiori. The minimum vdiuea at neaf]y ali ri€ sta- 
lions ar^? fcctwren 7.6 and 7,7_ ln tb^ die^r mler iK P 

pH ip eliphtly moifl th^n 

StallfJH H 35 drajl 3^J Ln tlie C^nlm] Am^a-j^asi Eh I p;|-_t, 
eaat qT lUe inu/llt vii d of Sec ljuii []J.—Thr pH -cotk rnrtrs,- 
tion aL ilifSi' ^LLLiibb!± ih. slmSIUr ti-i rhai in |kr rcrlhern 

35 
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part ol Sectloe HL. TJl? surface valuea- ere 9.51 and 3.23 
respeetlTeLp. At uthcr depth3 Lite pH corie aponin Id 
U iit « flbLtldnt 37 uifl 35 Sn Secilan DI- 

gotllrm iy t ,BiBtJonB 51 to -45: 3n the imth taiUm 
Facili; wrtwKlL[bfc^ appjMiMaiiit&if rwrth iik£ sjuth (ram 
latltinies SB J L> 5' aauih b-el veen longlbud-efl. EIJ * and 
10*5° fchl* sestlan Ihc Bwrfsucr plf nluei Uri 

krwr at th-e Btallona nearefft the equator Eliam at (Ii-? sla- 
l.uns iarEner scuib, SisnLlirly,, the uftajige ln pti Fktii 
depth ia stninli flaort abrupi at the norttiern Lh*n ai the 
jui.HithFrm statiflrts- The JBlilm.ua pii batvpon Tfl wd 
7.7 f ucpurs neai 1 SOO mstera it the Citree northerh iia- 
doni ajwt it !OOD to 1-900 mfctora al ih* mh« stiti ans Lfi 
Ehe seciich, at mu at. ol whleh Uie pH is AlLifhtly ater 7_7. 

aaMa x, si »■* ar* 551 3 <o ; , n *h< 

j^uihrastrrii Pp ciftc, c*t r tk! I rsg sautheaEL^ard irora Ini - 
Itudk 3 ?' 1 soutlu Longit ude 1 LS 0 w? Bt p to iatltude 4Q = 
aoutli, ioBgltiide fi£' *TiL--lD Ulla aecthaai tuere La a 
graduit decrase u the aiarlie* pH from jUcit? e .3 at 
Uie iwrtli*e*rtnrnninJrt eUtisyrip Ui itu ihui B r l at tfip 
MnuLh^ardrriiin geI stalLoflB. 

The (r a,i>E itiao con? and the i? Te) at w!nLch the mLnj- 
EQiim ptt raluea o-ccur, as veli u lite pl£ rames Ia Uls 
litter Irrf Ui Uis-aetpet wgtier, naiisllE pi<»== gf th* 

aaulAerri pari uf nr^tLc/nn m md IV, 

SUiloW 53 tfr nsrlh ol Scrtlcm K v nortb «f ai a- 
llon ufl, cas- rif Btation 51 h south oi Eastir islHJidL-*"Che 
■dJ-Btrltoutior of pH at the se siatlfuia torr-eiparids ta tfcai 
at tbi St^LLisDM U» Ih* eait Ollior. X) ralhcr Ehan Gtiai at 
thie staiiuns to tlip .■«nutli. The fl«ria-e? pif is S.iS: h the 
sa-ioc a.9 at «tatlon 5-1 K and Ihe Tar Latiae vich depth Lai- 
lava <z L&aeJy tua t at th Le aiatJa n, 

aecEH>h ^1, aEatlnna ai U? 7^ practlGalij «4dt Mtd 
wtttt hctween latltvfliH Lft ,i ind 10 -3 south, frotn the &a- 
ansin is'In rd e. <longltu[ie 141 S a vost] to^aLlfla, Peru ilnr- 
gltwle 7^^ Uip «UTlace Ihe pEI Lncreaaea frou 

eist fcn wfrui aj -Hn ih? (em peraturefl. The Inw^st pK 
vata* (-5. 13) Ln thla Beetiaa Is- foiuKt at 71 nsar 

-Cat)aci. Towayd the weal rKt vaju^f 
than. @.3 at di* v n pmt st Iht atc- 

tiQft, 

Tlie 3e?el or the greatesi change Ku pH vitii dcptti Rs 
In the upp«f 100 ai 300 uet &tA near ( hr. ccHivt hwf frsd- 
mllj de^^ena thfc^rd (hr wr.&t nntil tta lever lLmit is- 
J*und it ahci^jt raeterB- The ULtolmuiQ raluea are 
betd v pH *7.7 »nd are found hstwe en ?>QQ and 1DDO □■«- 
tiTB Ln the e-aatarn pari ai the a&cIJun^ hui ^ thr ^TtVTD 
pvt Ihe? ar« ahorc 7.7 ahd ncpur ?t d^ptiis betveeu 
about l 00 d eloiI 2000 mctrrl. SlniHarh, latbe deep 
Tfat*r easicrf MatLop #5 (laiiElliKle 131 veot) pH Ja 
iLlEfeliy nvep 1 , 7 , and irefit of thlE statlon li ls. ab 0 « 9_A_ 
g^ct^PFi 'XJJl gtahpna -dS Ia 40f ln the equatar Lai 
- 30 g< Heastern bacille, este^id Ln^ alarf 

paralLcl 2* Eouth l^u-oa lang Ltnde lf>5 9 v»t to the Eknrth 
Anaerican coiBt_--A( the purface tho pH Talue-B range 
irttm situli? ™J-rr 9,1 to 0 ¥^r 0,2 at aUtJuji40. 

Thr TcriLpa) pH gradi emi Le falrl^ atet-p tIUl ttu: tqlitl- 
EDum where the pH «Iues ire hei^w 7.7. ciccurr'ifiE a( 
de pius- b-etwee a Soc and 7Dt) m ctcri. In Ihe fleat* nt ir 
thi JhR" Jfl brlnw 7.7 (tie vefft ind Mraewtial abciT-e ihat 
Ia thr exstem part af Ihe aeclhoh. 

flwtjon V, sCatlariH ItiS to 148 a&d 114 Io 132 : cjf- 
tendfl iwrtbtaatwird Irum the ^mnj,n I^Lannis (lntltwlF 
14“ Ajuih, longitialF | 0 fl^ vcht}to Sin muci bco (lall- 
tude 37° E»rlh).-'AI the aurCace the pH valu«a it ili the 
EtatLOhS are CDIBparlUtELF hLgh b«4ne nw>c B.3 it m.nnl 
^ Ui^ ;ind fr4 al a lew Bt-aUors. AI a 


{«* lELrtcra- t-pLow thr -nirlacB r pEi thLocs aboTe fl .4 oeeur 

at EtaU^aa. 

Eicept ac the ecaler uf the mertion thr r.t,aog^ ln pic 
rith deptli la Ealrty grariujl. At utuOon 152 tbr gridlcviV 
it estceodlvifl? necp, ib Uih# ease vlth eiEnperhluii 
and pbc apnate and the dtker aiabat ancet deterulaed t tne 
bctloca cil ttie Criaaltboa m-ae heljL^ at alxmt 1DD melcrs_ 
Fraaii Olla ortattan l-::-wa.rd |he ndrlli^LBt and taaCfiv«ri 
thrre La i ErM^J chftiwr c^Ltlon? prqratilttg Bt 

the majorltyof the fitatleon. 

Hinloum pH Taiues occilt at the deptha nuglngfrom 
5-00 to 1000 jaeters Irom Che tlrel ahiilnnt Off th? Cill- 
lornM eoasi tu si Lfthtly hEjanfl th« Equitor, bylfirthir 
Krtfth tb«j fauaiil mr?ir 1500 meter*. 

The HiinliHiLm, pH Tilues ringe frou betveea 7. i and 
7.7 at «rrcral ata.t1oaE ±n the ceotral part of the aeetlm 
to bflt wee n 7.7 amd 7.3 at Ut e sLaiJ una attJt ta^h «uJ -jJ 
the aecllan. Ia Une dfnp vatux, hslov 2000 anctarsi the 
pfl Lfl uhua|]j tiwut 7,5,, 

SectJOJi VIL gtallQna 1||Iu H3; mereor 1-taanurEh 
ud »ulli ln tlie teirtril NOirth folkiHoH w^±k- 

cn-^t-ely ra e-rid laii IflO™ w?prt f^-orn the Eia »al Lari IbLbekIh 
{IbI Ltude 23 p n^rth) tu aboui lallnede 3-4 = north.^-At the 
suriace* the pfl TiLuea rar f Irata B.3 ta &. 4 F Uie ifrrmtr 

filue 'DtLn^ riurtd ia a depUi <rf ahpitt 35-0 mtftcrs ut rU- 
tSnn HD. At Ihir vtatLovii hDFtreri Ihc cr«aage tn pH he- 
Ldw th Is depth 1& th e aaosl rapm. ln geoeral LhE lode af 
rapui etimge ln pR ecie-nls li-omSQOtolBOO met era, the 

MlhLUUEl nlUAAbtlikc Iciimd h«|wcrai 700 and EOOO mo- 
tprsp «iih rH rAiiflELft irorund 7,ft. Bel-cv Ui? -klmm, 
u hn the c-a.se af the other aectio ras r pK IncrtaB-ea. vidi 
dejrth r reachUi^ 7_A at a.beut 3DDD na nl-erx, 

B^ttloit XIV, ilaUPTU IIP to 13Hi irem Uvt BhwmUan 
lalMda to 3d.q FrRDcj-Bto. — Srataoua 132 to 134 Fere 
dlscnjsrfMl iuui?r Seedora V, and etaLlons 13 & to 140 uMe-r 
9flCllDD VII. 

AI the other staLkwna die *u T fac* bmi n pH bc- 

fVuciL 0.3 and #,4- Thr duait^r ln pH villi depth is laiily 
gradnil aj>d rrsrnibLes that st mosl of the tvo idJalBlng 
secllon-B ruent Laned. The mlnLEQUin vaLoea otcuJ: betveen 
9UV and ltfKl meter a WJ tla ViiLutn raarlnf Irnin ibnut 7.1 
ai HtatlQn 139 io o^hr 7_9 it atatlos 133. ln Ehe draper 
*at*r the pH vsuies fio-Bi 7.8 to 7.3. 

atttel XV> stBdPHJ 148 Id 149 ; in. &4at nod febC 

Becltsn Ln th? ccn.tr al Korth PacLIk, exleEade ajjjmnl- 
Enal ety -along the pajfa.LlsL 35" aarlh betwKcn Lnn^Ltud^H 
161and 141 1 wtit_--Thia a«tlo» rr*rrabies Suetior 
¥T?j. whlfh JncLieden q^ttCTlB 142 iJMl 14^3, Uti EDDflt 

ui Aetion XIV, 

At Oie sumes the pH la over BL3, ihe champe *lth 
depui hEJng falr [j gruhial p.nd the mlrainuin hec-urrtBR 
hct-weHin 5 0Q 1000 meters. The id LnhmiCLL Tiliiea are 
DgtQevhar iovflr th*a at most oJ" the stat Lana 1* ihla re- 
glorin belng helo-w 2_d 3 4hd Eh thr: fl^eptr Fatrr thr pH i* 
fiiao aotaewhAii 3[>eraT than st other Btndorae. 

a*rtlati T3, itatlcaff m ^LllSi Ln Uie eurmeaBLe m 
P^tlHc-i. eidendin^ Eio-m h-Eui Ffancl sco euxUivclBCitiM to 
1 polTlt SOflth (rf UlS Gulf Uf ALi&k^ (IslSiirfe hz v rwjrth, 
Langltufle ISI" 7 Fe(t) r —At the nirfact the jiH le r&iiUTely 
lAb, h^Ua Hk^aut Brl si ali Ib? slatto-ae. At Ihe Lhree ati- 
ii^riB he-arest the American coast, H7 to lis, the ti^Bhil- 
rben wae eUrnda to about SOO U 4 ier 9 r but ArLh«rit- ri 
(IlLb Lt ^raduaJiy rlsea and *.% ttq*? iaaE ftatlgu Ol UlV rtt- 
Ucn it Lfi tcirtlart tp thr upper 150 mrfETB, 

Tht dcfjth mf chr atidmum lafer bUofi a aLoUlt 
chung u, beLnfl al BOO enotor ■ at stati ons 127 to L2Q jlhI it 
^bout 400 netiFi aLthe lut alitlon aF tfc^ ^dJun. Th* 
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minimum Taiuee n*j 7.5 acd 7.S. Eleln^ Ihr 

JjLf-erof £ll1jiIex3u m p|f UieTalllBB iBtrta.ftE p rEttqbljyj p.lwBt 

7.7 near Sdcm the Kre-aies-t depili ijiT&odjfflted, 

3c£iy?o VJU L al ati om 84 to RQ4: Ln (Sic- tropica! icit- 
em Fac LTICk erteDdLng nam the aajnran lal^adB fl&tltoAe 
13 D wuthp lonfLluri* 171* veri) BiMth and T&rt to rtallhh 
J04 (latltud# M* ft-iHfc, tunffltqd* l*i%aai)_--Tfee pH 
Ui.e mLf f at e «ter Ire bcLweem €.2 and fl.l ui;^ a e. ita - 
tL chle SI 1 Lnf 04-vhcre Lt ls Leas (haa U-.2. Watrr wJQi 
aeurl^ Lh<? f^anip ]>H ab ai tkt dui-Fag* f?rtGlri A tP 1 dfptti 
to 300- meters. ft^tlgq 1W the txinaitlail LQBB 
Ie mKfiutnltid Eatii irum the 1GQ- atiri StiD-metor i™is 
tnd Elie pH graddent Lh rtPFp, u ia Uie ciitr villi tbe 
phtiSpLate gruHtol. At ih#,elft#r otsiLnas thr chuft ln 
pH Wdth dnsth LB Mut 1 # gYidbil, ni-Lcndln* to more lh_aa 
5W meE-ers it aquae alaiEnnn farth^al noitiu 

Hiere la «hj prgawMincod minimum pEl ** Iu* aislienigli 
Bl IBO-Bt £LuUn~n£ nllprht]y Icwer nlUBl ^Itrf -fnncpd q|| 
febaut iaoa inptffftliu clHftiere, Butow HHW neten 
pH valur-n are at» ut T.7_ 

atctJM Jtm. tttottonv Ifr T to 101= 1 B Uie trtipLra] 
weatefB PieJld^ ext riutUf eistuud from G*mm iLatitude 
14- BurLK, JO»g)b*m 14« * nat] to atatLo» 101 (latltwls 
li’13/ nj?[-tU F lomgdtude 177* It-" er,* tJ, — At the auri&ee 
thr pK Ib wall ibo-re 6.2 a tuli Eh.e a(-at:oiL 3 ? Lhen,* t*]u«b 
otfeistliiif to a depth oE aJuDoit 1W> meters 
twt) MMitherniBost ftttiou where thej rcarli usurij 300 
«teri* 

me Imnaltlau ifne artenda to ibmit (H30or ‘700 n«- 
[#r* At thn riatlou bala Ue wnter oi Uit- utUDB p u- 
Eijrt it BtLtltfA 101 WhAFi U «ifccide h» ibcui 400 maher* 
#Jj, 

Al rtatlQua 101 and 103 b elUlL m*uxL la pmdtLHUj 
LRckiTW, but ai th« othar «taticuifl lt la eihqwn B |. g gi-^pUi nj 
Sb™t 1M6 inetr|-ff Flttl ptt Tiliiffl btiwnon 7 fS iJHl 7j 7. 

Selm 2fMH? BDd 3000 ffiHera thr. pE Ie bfltweeD T.T 
and 7.C. 

K, gtfctiomai b> 130_ : frdjn cuim (i*MUJp 
W' MTtSp lMl«LtLL9a 14«* anatj* nortii to atiikm ili nuftr 

TfotohflJBl (litdliuiE SE.^ n^rth), theoc* urlbeui io rii- 

tlon ISO (EalbEiid^ 4*7" ft£- lurllt., L68 ! 3 0’ eut). 


VSRfTTCAL ] 

[E hmj a] FFfldfy bere polnlfrd mic thl as La Iftie- enas ol 
plani btalu^tciS actlTHles aUe-ot the 

■qTurfctltr of c-arbon d^oxide, od c-onsequenwlf the pH r Ln 
■the acean. luthe pbqtoaybULet ie tone mone cirbca dku - 
bde Ls ordJjrmriJj utLLJiKi bf the flnata Ihmn la ILberated. 
bf rtaplrt-Eidn Qr dc^o bljiObI 13qo o-f o r[x»Lc ma-tc ri 4 >-. 
aUflllfcjlj, cartum OJqi Lde d» ll"bc r-H-tc^d Tjf stnlniiil reipl- 
tMIdu and cirpiii lc d^cnmpoeiuoii Ito Ehe wmtar Etruti b#- 
UbtJwptialflisfiiUinltc spiifl-froTCTvherfl il ma 7 b?eurled 
br tb* to the lipp^r ]#t#Lh TPhsrs Lt s^a.lB 

avnllable (or plaet froirth. TE^e ^a-rbern dsculjde cjele la 
the se-a d Life te- Iram Uut ar the athtr rti^Lri*iwta Ln i^mX 
«arbcb d Lotide tuj be utff m thf itra^rtpkrre or 

Biaos-bed itato, ii. A a to FhBttkTT * arbflD dLvild? Ja- fini 
trff Ira a ai abei?rtifiil hy thf Tafer dcprndp onthe Cltbun 
dloildr N:njiLnra or prsBBure au<l KhlB lutura d^peadH gei 
a oumbFF ol EaeEors, rtie e n Lee ol wuieb ar? ut# ea/ to□ 
dUnide «iiEml &f the vilfrr the L^u^faty^i- Tn Uie 
AOAnlkp south d Jatkiide SG* aorth, Waitcnl wtc (3flSlJ in 
cnust localltlea fo-uiid the caTbondJnsLd.rl.cn* ion oE ths eea. 
tot» Bboutthe oXmoBtphvr*, «e^ptolcmg 

Uw equi uf Airlqa wber a It wu hlgiicr ln Uls «i wHt«r. 
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--ln tuis aeetiofi ti^ pH Wrl^» d ore Iron rtalloB to iu- 
tlfla tbAB id Uin gUiar bccEI^rj Hi e pK al the surfice 
flufluatr j Ircio Leas than 1.2 ta osarlj S.O eicept ii Uie 
two mDsr noptii ?pfs sutlaais whera u 1$ balnw A.O. 

The <hAHf£ Lh jSH ■ith Appth b fabri? prtdual Iu the 
souUu-rn paxi of ihe ^e-dd™, Bl-ailt™ 1CT Io 115, the 
tr*naLlii>ii sqnc ■c^endtnp fromSMto 1600 mete*a. M IH? 
otl^ir ataituiqB the chanae Ib caore a.bmpt p tte- Igwgr I Lnllt 
?f Ihv l rajioltbon unic beug Lt mbonL tpc neters ut vu- 
LLono 119 okL 12(1. 

m-triepUi oE linr mlrlmmn pE layer, wnich tt moot 
fitiitoafl U mm\l iniptnd, variea Ln. a subUat manne 
rariiijiflr froiD 1100 At stutldu 11S to 35G ipctorc 

at -siation 120. The ulilmuaa valna* irc hrEw^n pH 7.5 
and T,T h the lowe± «_Luea b*Ln K fr^umf ln the rmrth. Be- 
Low IODO meterfl Lhe pFl hi atwrc 7.7. 

aeellooJCVl. hta^ny ISff-i Hrtflrifl Inu «ffl- 

iUErtLti&Hti:r1r dk retinii flcrgsa ttie norEJiera part «i Uie 
Narth PacUIc frn m slsticui 1LS eiai af narthexD Japu 
(lalltudn 42 9 north. Losiiltude 155" 2i ‘ ait) ta «Mln 
125 pwyuth af thr Quii of Ali B£i (Jatinwla S l" S S r ntirih, 
liciivjfLtydr 150* 39 J we-ri) H exteidLng atong Uie ALelmUoh 
E slanda from statlons- i51 io 154.--Stationis l]S to 13(1 
were dlBihLB**i lihder a*cllnn nr wflh whlch the^ ht# la- 
eloM. 

nedidrUMiLtofi ut pn iu atciiuB Umt 

□f ataltona 1LB LOd LSQ. Hat lurfRcr wutmr iii i pfl b*- 
low B-0 H Btatltmu 131 and 123 tmt Ls aLlgtiEl? Iilgtier al 
the- ether atatL&na. TTi#r a U b* l&jf w of lihlf^cn pt i il 
the suria«e 7 the valuen iia-m.ll? baUag M^h c r a-l 5 mvimrm 
thu at Ule anrj>ee a«a th.rr ^c?c?ibIib^ rapida? witb 
dejfih . Thn d r-prih nj thr Lower LlmLt oi Ilia tTe-nBlLLon 
to be 4t 3W mrts-re ari alailoa 123 r at allfhLLf more 
thui 100 nclere at utut boo 134, uul at ListermHtlAte 
ieptris ol tfie othtr ieucldoh. 

There la bq dlalLitct Li^ir &f minimus! pH F ih4 low- 
c 34 Hlu# (btlirtiiMi *?.£ and 1M) ImLpm ifnih4 al thie Lower 

ltofeli nf Iht Lrojia l-ti LITI kqdc. ITUIE thlB- LeTBl ptL Lh- 

rreajMMi, th-* nt bvtweea 3MH> and 3Cfr0 metet a Ewe Lng 
ahoui 7-7, 


For me feondred mad flllT-nlii^ CmriMbe nlaMnan to 
wi^elj Bspualed regRuoe ihe aFvroa* mrfaes pH rnlip* 
Lb 0.2 5. ln ordler Eo-dsEsrmbs -^hiihcr or not ihto T*.lue- 
repre-Beut-s eqyLLlbrLum Ln the carboa dlosldv MeuIod 
between tli? sea and the a 1 nu>Bp&i*re h U mmld b* bbcbi- 
mtj to kJKir th«llLrfl.tibl 7 baae ca-fitesiE ud to cooald^r 
ihr le-mperatiire. Accardlog lo Duch (1S33) r pH of 8.32, 
ai a trrapNTaturr Of 30" mid i UlBBlty OcE 3l per EaliRe, 
rWtiantB a- -chriwi dlftildc tidiinii ln Bipjill Lbrlum «llh 
lh# &EniD 9 ph«r«. Fof a t^uptraturc 2^, wlikh w?vuld 

proiMbly be htar Oie nvera^e ia r the Carneak Burfac* 
ohaerTitlona, this e^uibibcrluiB Ib repr ssenUpd by a pH od 
fllC. 

Th* **r Ll^tl dlatr LbuLLoa Of pH Ln. th« onrtoe« or tOB.- 
tseUan 3aycr at- the Carieglc MAtlanA TU rlLb^r Wl' 
ihLf!, ln PQinr caviD Ihs pH tis corirstaot lhri]U[hmrl Utt 
mrtlrc larei 1 wlitreas m uth«rr II iBcr^aiod, drsrea»ri 
b«law th# suriucA, nr varlsd La ah Ur«fu]^r mjiuhar. 
SlnhLlar lrregodar Ltie» were fooud id the d Lstrlbutloii of 
QK?a#.n and LUkdonbtedl? ver-e qwtag to bloLoglcaL actlTl- 
tlta. it vlll be iremtJutMred Lhit dP ut readlif 

dLff-uae tlix-cwigh th* imttr and bjwj lr re*galirLtton 11 OlbLf 
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CHEMICAL ftEEULTS CF LAET CRUISE OF CAHWCGIE 


curLttrirfltl-ri-ri brcugiit abcul by -ir friini.Tm n be removeri, 
WSttl Ln H reREOna.ble ] t nffth uf l Ljp^ r.q'| y fty Wll"L W\jrv- 
=n*?!itE. 

li me tr anesitun mnc ihe pii detreised rapldly whli 
depth and thim innrp v]ovlj unit£ at huskS Etaiionj: i min- 
liaam r ran^ins Erem 7„& tfl 7.9, Ufcii x^ched ah a. deptk 
Whtfch Vari cdl fra-cn to L&Dfl inetcr*. At aome alatior 
iH= TmnijuuiD wa.& la-elLlitg, pH rem-funing praetJ.cii.aiy cor- 
Jilarrt (rom beiow LJi= Irpnsitsion cone ta t3te- gr^a^t 
dep4h at whiifh -pfotaLnesl. 

Stfiyw ihr d-cpin orminlEUtiib valuc, il tue staiions 
Fliert Lt r-tcur r the pEl incriritjed siowly wilJi Jn- 
CrcRsInf -depEU. At no stat Lon iV9£ tlvere canEluaiTb cvl- 
CJtoci of a dger&aKs* Ln pJt neap ili* totlam a» wfl,s saie< 
tim*E f*iLML by Wattenberg (lMTfe, 1333), At 3m cne- 
ter a ihe pH varLed frsKu Htg 7,9 and at 4000 meter s 
uamiitly (roin. 7,11 to F.S.. 

The yarLatian Ja pii dejKtl cati be cnariilatcd 
»ith acUTlty stkL wtth the ctrculitlpn of the 

watei. ReanrcnhwriTicg' Ibat pH varSes m^erscly is Eli# 
earbcn dlpxlde content, the hseh ptfl n t tue auHae# ta 
aeeourlHt (or by the fLct tittt the carban dLsfctde irn„W 
ili^ wale-r ia nearlj dr «fuiUbrluin with [fcat uf the aL- 
oip* pher e, elihicr hec^use pajl nf the c-arbon dtoslde IlIlk 


^■u-apnd ktod the qt haa bse fi csoauajtd by th e 

jtlmta, mfl the iow valuea Itl the deeper witer ure ow- 
i ntc [Q che eiceaa ttf cift»ti dioAlde pro4a^nd by nrlnuii 
fesplraELen ur der^rapcuiLtLnn nrflanlc matwlaL 'The 
Jji^rcjiaf Lq pK h^io^r Eli^ dcpEb ah wKich nLJrtmuiHL raluea 
■wexit fppmd LmHciitrE tkat deconipoeLtlori cr animal res¬ 
pirat ion reachea a majiamuiu al i:i Ln L#.r tuedl ate dej^th. 
Sucli a concLusacm la cofrotoraled ulsa tay Uic di™trltnj- 
tLOD qi phosiphite ajid i,-f oxyges. 

The strlkLng eoriHatlcm betwrcra ttic urtlciil imcrL- 
bu‘ io fi ol p*io&pTiiteani3 uJpH Lsshdwn ir ^bvtpe C12 and 
C13. Ftgur# CIS reprei-entE a Feg]oni Cfl<otiosi 137) df 
relativnly undLsEurbwl hydFOgfipJlLA difWUElirtfi^Tifcrfcift 
fj£Ur?C13 /station 71 ) repr e b i:Jiits a region W-Tir ra? fhr 
c LrculitJcin is mure »ttiTe- r Cr the lattrr refLora h off the 
«aat oi Pkxli, lipwe-tlEnR of sobsurface waler occsir& h 
cflusinfT nn qpwgrd di spiatemeat ol bolh the plL^aplute 
and pH cdrTes ln the rpper uelffL Furihcr, Jt is 
Qfuiteriit to iwite thai at ^tait-an 71 boEli the pH jnd 
phuajAate nurvr 1 ?* shaw ef(ei( ^1 the Ister eaedlate 
Anbtrclic Curr erat, the pH va^uea ln the frater af Ihis 
curresiE beLng lowet a™J ik = p*i^tj*_atr L^i- h igfic r th*r 

frij-ULd p-rotiib ]y Lif tliE r: :f Eh|,9 C=urrerl wi.? rr LBEkimjr. 


REGIO NA L -OLSTUlPUTrOtr 


Eli rEac e ■ ^ - 51 nce tr e so Lublllty of carbo r dto* td c in 
sea Jult east& wlin decreasLng tempcratnre h otio 

vauld rfcprd thr ^arkKtn dkiAlilv -cdnivat tit thv &iitrace 
ma.tr r to b* EresEcr, *.v\& a [Tirrctarr, thr pH tu be haw?r r 
in the hlghep Latltudet than tn Ibe Iot^ct. En ffwiffTat, ITie 
C irseai# lound thl & la be Oie- eaae but -e-Tsdently Cht! ci- 
ptanation Js n&t io be louAdl ld dhe vartaMo-ii in Ihc eoIu- 
bLLJty of earbflB dlr>xJdt; buL leitUtr Ln the nature of th e 
^IrnulalLhn frl rh.t n-LLttr. 

Iu Ltit: AihLnL Lr the pll «.'a luLiM ai the iurfaufr liurth bt 

JstiiudrHfl* oortlrflOTT tm^rn 7«S snd B.£ &£* EJ^, 

CHh whereae smth oi tiiis Latltude they ranfc4 bFtwefjn 
£.2 and Q.4. ln the Fac Lite the observaiiona Ln me trop- 
lea ind Lntemmdlam lalimdeg uauatty rivs values be- 
tW-frhl B.2 spd -B.d. AI tht EDdd nurthvrlV Stltkl4 F 
ljiicudr- EOi 0 "n^rfch, (h# pH bf the lur^ce w^xabaut 

fl.O, wheTeas at the moal fDultiorh? alFHLoriE F an latHudr 
4& D bo utti, it traa about H.l. These- variiticms are Hoc 
great Me be owing tv ^Ierence-& Ln the »LuDULty ai 
ciiThun iboxMe-. Accordiog to Tiath i iaisi, aea WiiiEr or 
avcrajfc 5 ^]thtly 3 Lfii3 vtth tlir- saipr- c^rbon diailds tnn^ 
rian *s fbe aimcispuere- has a pH ol 8,14 at * t^rapora- 
Cure oI 0' and a pH of 0-. 2E at J0 - - ~a dLfferenc* of only 

'j.ljy for a !em^ ralcre rjjt^e prtillfir thun that eBMlaft- 
ietfed by Ibe Car ius-fLk . On Ehit h.;-Lnil the vairL;LE Li>n 

tn pH wlih dcpfh. hp,K 3 ennch grcRtcr nuapii-tudch thsn th. a.t 

^ipr<:dy aElr^ylsble ^riR,t1an in Utaptrature, -Rivi 
inc diffrierce b ln pH Courd by I3i e Crirneid^ at tbe *v r- 
Ijcn were suidQiifcted ly cansed by dJflerencea sr vertteat 
witer MoveMOits. ‘Thi& asauMptleui ia [iirHi er sifemfth- i 

eiwd by Mitf rut oat tri ck» alilaUc wut^nb^j-g rifUJi 
f-hirMi cIll- luwiise pIT T11 u i;-s ai Ebi« rquiiLur near ',lie 
□f Afrira a.nd fr^mi tb^r^ Lnw vn]Tir-s piEi^nxird vrll niMl tn 
Che-cemlor of the AtLanGc. ALon^thc cosst oJ AErlua up- 
'■^il-PK of syb&urfac* octurs, Ihla Ill¬ 

ate ly accounts lar Ghe iow ftrt yatueE l-oiinrt Ctiero 

Tkat Ilie ptt at me aurface ol the aei l& mt prima- 
rll y q tuneiLDrt of ttie timapepaliiF-e ef the walQr ie fur the? 
litdLdibed by Uie at-rAJi^ native jajFeLaLLflB belui 


C prnc j^l g vR]yu 3 of pH and ph^sphatr wntcul ■■hlch, <aF 
coiar&e, Ie noi aJIected by temperatur e. nisa relalLonJ* 
showsi jjfaphJtj LL ; 1 Ln hgiLic-glfi. Far tDvav t^u rarLa¬ 
bi ts dit CQtfflCECit of CQrrclBltoA wiis r.iilculMti^d tu l>C 
0 1 wtth s probablp enoT df 0. Q32- TVltfi th# tnmj>#r ■ 

ature F the pH Eii^uiod e poEttlve eorFelitlan oJ ihsui th« 
aame ibagisxude bui appare ntty the temje rsturc varLa- 

liu ea f&i^nd i: a iul:':- t eJVtlT4]J be accDurtCKl far t»y dlltcr- 
on i:» iw\ iiLtlLijdH', mitsbtj Ln reg-Lan>; whnrr nhnurxnBLL v 
]ww temperatur ea at- iw the 

coaalB oi CaJlfornla and South America And r-nar ih.r 
Altutlaii lalandE: ln tbeac reglona liie preaeace aur- 
n-ce witer ln tbe conwtlrm layer waa undoubtodlf part- 
ly respafLafhle for llty relitlvel^ lnw tedperulur-e u veli 
j_s fur the hLf^k pko^plLati; conARmE 3 nd Ikc U>w pT E. EI d&lf 
ihr-rcfojfl-kr conclitdcd lkp,L ? fu gdn^r^l, Uip ddfl Erebei 
in th# pH of sea waler caused bj the- so3vMI!tT of c^xIkktl 
dlaa-tde ire ibiEted tvy lh* dL£fei&nces cswMd by T^rtl- 
cal circulat li>d aiul blaJo^hcal acliilly. 

5uh3urJiiec. .-Qc]'jw tbe mrrace tajrer 4 alw, Biiereia 
J lIijac tcir rrbltDn Ui-tw^en plE arui ph0£pijlte F Hui DEtl? 
v uriicsJLp huL hnrL^nEatl^. Thr. va r i: lEL ttbK in plE SL f ar- 
ioiiE deulhs al^nE the emlurc cmurse cowcrcd by Ihe Cir - 
□±gi£ are repie s*ntjeJ gTi.pktcally ln pJd sectioiis 1 to XVT 
(C-B, prp, SCI - i 15) and are deacrlbed om pr-re-e 25 to S7 . 

The '.'3 r lllL i.n n in pll M th# SurE^C# ha* iLreihSy been 
d i.Mr.uK::H'd. far, ivnuld be r-^pncrLiid , i[ Lh« difpth^- Eu.ll1rLg 

%-lthm the trareltiosi Mne P Ihe TirtablLlly ln pH w^s die 
gre-atest, drp-pndmc o-it tti-c ir,idcaess of tbis eoti-t Rrrf on 
the natare of tue verttcal greri^njl. At ^reat^p deptf.s 
me i± 13, liits ntr phaa^hata- cbfiEtnt, yuri^d Ets^ittiy etsil 

hL;lI i tatiun, ilHIl-;:- u^h 1H ci c -va r LllE iftr.!a g^ve rw> def- 

LpiLr ir.-diriLtic-rj nf rrg-Lcvn^L d.L(f-preTu;ps -«■Lthiir Ln Oi# AL- 
LantLc pr ln Ihe Paolfac. There ^33 r siflutllc-ant differ- 
V 3 ic«, howe^ejf, belwvf fi Lht pH -of thv d**p wa.ttr <?f tkv 
Pactilc tind me deep vate^ oi the Ncrth AtianilCj At 
jJODD rael#r£ Ln Ihe Allantlc (see CJ«. c I SI the pH vaa 
a.t(nt 7.B, wh4ir#as in thi! Pa^LFK Sl uAoally ranged te - 
Iwrpn 7,T Rnd 7\@_ Ai JWO 3Firicrs 3 ob^^rviliniLi 
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nr-e HTalla.'ble fram eacii oeean ajid at Ehls depili in tne 
Atlantic _pE§ mu abciLst ute aam* as al 2QHG meter *, 
■ttaiBl#, 7.fl, bu( in (h* Pac Ui(J dtmaA tctwtn] 7.8 andT.B. 

PaHtEsch (1912]. at -a statiori vrst of Purtagali. timirel 
the watcT at £Q4i cuesers tu Ha.ve- a pH of T.95. AtklQB 
(1925) later deteraaLnfrd Uie pH ait 2000 mete es In prae-- 
fitUlf the sam* LucaUtj ind f(.mnd 11 tg« fte 7. 94. 

Cu-niiRlp □tiii-cTTalinns Ln Ehr HHHT iaSLtudr, bu| Csrthor 
mesl, aeree will wlUi theas rtsuits (st* tabie 2, ata- 
tliflaa 1 £Lfld 5: 1-Hp pp. ISI-SS"?). HetwseB the equator 

dJUt laLStu^ &□' nurUi 1 /l (hi AUldtitp UT^tt =^=r E f IQS7t> 
(fcmnd ai 2000-Toctflr^ ih* pH, Hot mjrrected for tiin- 
mraturt» g^iw-raily ran^e-d between '7,B and 7.5 

As* sfcatcd on p?jgc 1 tS, Um C arne de dnt-a ahow Uw 
jjbosphate condent of the deep water od Hie J^iclilc Io 
bi: great-nr thua IIifu nrf |hc Hortli AtSanltc. tfo dpubt ihc 
ciplaiutloii glveii Cor thUdlfiereiice ippllea, ln gtntral h 
alsa ln Uie caae ol pH. ln dlacti E-B-tng tue phca-phale can¬ 
tent i s abserved b-y Lbc cuiig!*, Et w as, palHt&i aul tMt 
a Lara* parfc tlic fcitrr ili*t stP rK sp^ c up die d**p 
■wa-tj(t ■#?( Ihr Ncrtli Atlantic ie iWtLtpJ fre-tn tNe *urla-c* 
in tho -ce-ntral part of the tflortTi AtLantlc irtiere the phos- 


piiaie coDEEJit is ] ow. ln tftis area utie pliis hjgli. in die 
rt£Uus ctal#r«l ibout cajntElfe BUtlcm ie ln JitiEnto 
47- no tih, lorigiln^n- 4(T JG r wflal h 2 . depr&flfllat of tfct 
lines of equa! pH vas iound. Thia aecprdft ■with th4 th«o- 
ry Ujat ln LtUs area Ute «orfaoe v^l^r Ls es Lr-kiric 

The comparative amounts at phoapinate ha Uie Arelhc 
and tae Antartiit vere alsa dls^m.aed and, aceardlng Io 
Ute iiva^Ubtc Lnfuj-JnaChiiTj, iTir AnEicr.tlij ha:i the ti Lghnr 
phti.ijitiair contortt, Thrrc anptars Io bc a almlUr dll- 
fap-encp betiratn the Ar-ctSe and the Antuctle witli pe- 
spect ta thepH. BrbjfiwLci (1931) Ld It Ia *rt«usl?A ln- 

tlf tke Itasrrnl^ Rea rar-rly 

V<3^>w &.G any depeti. For tlic Anfarctic Oc«an fli^ 
onilTcM^ FiTailabSe are tha-ae ablaLoed foy Kuud l'i93-OH. 

Hia oDs-er vatL-pras exi^ndedl unJy ta m deptb od 414) Kueler^ 
r tctpt Jn 4 d( wliEn LhrT rJletMlEjd Lo cn^lpra. 

At mrtcrm hc ysiiRlly Jound Hif pH to bc itoiit T.B 
and th.e one obsorvuuora at 300 eacters shcved a pH of 
■7“. T-7. [| kppdi^3 ? thefL, UiAt Ulu ejH Ia tb e Abtip^tld ia 

rnnL-iklt-r j.hlv Idvfir Ihln Ekal Ln ih^ Arrlli^ u_nd p/>m|J4ixa - 
t?k wtth tNnl fosj-nd Jn th« Fvctllc. 
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THE DUBTRIB-UTION OF OXTGEN IN THE PACIFIC OCFAN 


CNTROCSUC T10N 


PrLorto tfoc List crulee of thc wy ] L Cthc 

bofarmalloD waa aTikJabta tht distributio n af 

mcrgeo in tu e deep ipaler of tde Pictftt- me Chilleoge-r 
«^MdSltufl (DStLlinir, l&H) ehH* jft&ut tVVfltp-fi¥l de- 
lErminuLitanN gf oTwgcii an cuiwnlace wbg« fmin mri- 
■>tj 5 parts af the Picklic but, t»{±uu the blbpI-h ueie 
taita Ld Vd_f y IrLg «deptha, aod one at eaeh statio o, 

tfie data lLT r ini*donate for any rfn rSua 1* n.ts r«sardlH« 

tHe distributi dji af twyKsn, On tjo«rd tb* Pj juict. Br*n- 
UWP) d-etcrmUigti g^yffen at vcrerai ri erilem to- 
twein New GiUnea and Bong Koiig^ Dut the Information foe 
ofrtaM#d is not complete ewenfrir tbU hlmiLed irea b«- 
cau&e praelfcesllF au amp] &t vere laJtsa belaw 1DW me¬ 
ti* a and eree kfrwt mu a^pE_K ih* nuushtx JMpffi- 
£1325) reporlwlihe «ysm contcni of 
ItiE .Jriwn tff a dtplfi ICWC At i Ptafkon oc- 

■cupLfsrt hy thc Dana In the Culi of Panama . OCf the coafft 
i?f Kytti-eTttCailiprolath-e oxygtB tonI?(vt inad toto de- 
E er mliied bj lite acrlppe luat l turtiun of QteaihOtfriplitf aMf 
in MDnlerej Eiy trf Rlgclrm and Lrflllf (IMO). In nQl- 
tH*x CJJie wrE-^BErwatlflni Ulien bulm* LDOQ mffterl 
md al ihat tfm* it vu not Hawmi wUwtfier U*e coiruiitloiiB 
in thc cunwtal vcu wo-re r*prcaeniatiTT cJ tb* coodi- 
tlnaB in tbe-op*h Paelilc. Tite- Cfrrri#fcLe data glv# ilmlr- 
if COBigUete pi.ntuxfr &l IN e d§*t± LbiitJcm nF rwcygrn In thf 

tiOffccil and «Hiem 94lUff irf *h"M 

a3r-*idy hinvr: hrrn pub] Lebeti (Moberfi 1930 i Jdobcrff &nd 

ariiitaj, 1930), 

Sin ce the CajngtLe ejruJae [1I1S-1&2B) Uisre hawfl 

a nusnalher af Lot^h tlffalfoni Af U* uXf S ci cfiate-nt lA 
Fiq^dc hui nSdliiBant LnforoiH-CL-r-n Jn, eptill nr-ndnd, 
pBTtLcululy rram tbe Sovtb f ac-ille. fiwa dola utotalB*d 
bfthej^p in lfU Ia 1629, Thuuseri ^JQSfp) canateurtad 
a pToflLe EtvswLBg the divtrUhitkoD ot lc varlDua 

d eptha betveea P^usi ud New Cal^daidi. Itu [1B3Q) 

inveatlgited th* contwrt of tbc wWter NtwttnNew 

New CuiiLea hnb Japura. Thoraj^mn, 'Thomae, anti Bame* 


(1-M+) report th* T«naltB cxf axygen det€rnaLoatiDBH made 
ihe UoJT«Dirf vi waabUi^tca at a aiiaber at auLtlQu 
In the G-uJJ at Abaaka and near the Aleutlan raluida. In 
1933 H. tt. FlMina, af tb* Scr]|j|W lattituibdn af OeM- 
Bograpby, eaifie a Uu&rfmglii snjw*f ttf the c s&di - 

tMna ±ji the CuLf «4 Pp-uma arvi aidikg Eh ? ParUlee^ete 
nf panima and C(J *ta fiicw H DD boifd tbe IT. S. S-Tfa-in-lhal 
Rr R. R^r^ll*. a3-&o <jJ th* dcrlppa lant ltutloii oi Dua- 
rwEraphF, detcrmLned cur^^a M fiw ataAloba off Qib 

COkEt OJ MyiH*rn CalUOfala OB tkJird th« TJ t 

UHl fi«vdstlE ateupcr PiBJifrcr in ai^ P and at plghtrm 

BtilidDa bEtwcrn thc Aientiar ]«HamU Ruti the HiwmliAn 
TsEand m cin bgard the IT, fl. 3. Bii nhaiO lo 1V14. Home of 
Ui-e dati abtfilBed &y Flejnliic uwd rtivtll^ ar-e f^esABfad 
iih th# preaeni rrporl. 

Tht C ftrnf vpf <itrt*Lmrf v«rlLnJ #4rlvf 4*fcraln3i- 
tlofi^fl oi «t ali «tatlcniff occupled lurlng th* -cmlse 

trvm Saa maclacg 19 ^uhbwi alatlanff 13Q to 1^1, ud al 
twQ otalLono In LbeNortn Atlantic and imu icthe jwuth. 
eutera Pacific. The dita EDr alitlnns l3dtu iflS bite 
beenuaed in the cdiLal_rantk*a uf faur KppMuiLd3anr ude, 
flbowlna ihe coMwtiratiwi <?ff In iwlinilteri p#r 

|it4r P -*o4 fnuT dlaflTamB ahowlnff tha KmcentrRtijoai af 
owyic*B in perccmage of eaturallDA. R.. R. Rcrolh* oJt^e 
Ec-npp* Inslltudoa o i Oc #inogra phy very generatis Ij 
eappll-pd tb* tiithojfl wlth the o xfg«b data whleh h« oh- 
tauisd L-n boaid the P. 3. 3« Buflhdfi-l] u Auguat E93i. 

Fram Utene diti i. aectlna ahowlng the dJilrihutlnn gf m - 
ygfrn beLveentbc AlBuilau litanda uid tf&wa4l CNfi- ClT), 
in HLIlLIlieri p#t Uter, lua been cmstraeCad. In SLddii- 
flnn tfi# Catii ecl* ind Biish iieLl data, th*- anthorp haw* 

hwd -nc-tesB to th-p un piibt leti«l •ajcjgeo data obta.LB«d by 
„fia?e3L* oa Uie tt. 9. Coa at and G«ad«ile aLeumer Plane er 
utt tu# Cflllfanuld e*aet and tjr ritmlog Oa the U- 3-3, 
Hannibal la the gtOl of Pacuina nufl gfj th* roavt C*n- 
tril Aucrlcm 3u 1333. F^r ehs wse nf Llne&edata tbe 
iiithcra viflb U> ciprees thelr gratltiade. 


VlimCAL IMHTBIBUTKMJ 


q.nflntlty til ff»lT¥dOfl7g4B IU SH Viter ifl CUL- 
trgllFd tjy a numbcr of pJiyulca], cheu.lcil ? ud blnJngL- 
cal fictor a. At the aurf^ce af th* kei Ui* qxth*ei cgqit«iri 
al! thc vates-1@ approslasit^lT Ln- iHjulinjrlyni wll:h liat of 
tih*atmoEph*r* and H alnee tb* BoLubltUy of o^ygen TiJ-ies- 
wltb Die temperature, and th a Kuurh lea aer entenl wlth 

the ulSfilty F Its quuntlty tugea fruna aboui. 4.S cnl per 
lller In th* 1C(iplcn Io lbdut E mJ psr liter Sn the pQl&r 

^ th* php^^Tirfliptl^ P° nt P tbil M P I* th* upper 

50 wr IW Hituri nr at crcn crKatflr dnpthio Ln nriHK 3n- 
cwllltcBp QiyEtn !s Htifratcd tiy plauto dur Inu phcitgsyiL- 
tiLeslfl, snd uheii photoa^iillieslfl tucee place rapldly ln 
vai^r iHdl ln COTticE vLtb thc filrnoaphcrc thc odAcentri- 
IIdd oi OTyaerL may rla* eanalderably above Ui* aatora.- 
tkaiL potet. Bino* ixiairta ofdLBaelly-are juhst ahukdLBt 
aoso.* dlBtaaoe beiew Ihe arurEactj, the hlgbeat oodeeatra- 
ItajDB oi uSCyge-n are uitualLy imlcu viilcrnd jL eome l*V4l ln 
DkC upfKr 1D0 meterfl. At aLi depOin nij^rn 1* emi- 
Bumod hf pLant» ind asiLoLalJi durlng rwllRllon and by 
Ui« decniopoiiiEkini of orpanlc matarlil. 


To locoLUl for Dic dJntrlbotlgn trf □xygeu ln i body 
ai water 11 la oeceiAiry to con^lti^r aln the elreuliLiar 
Of the Wiler. 9Lnr:E thr b<c 9 dtrtTDS Ltfl uTy fcen oaly «Jt 
nr n^wrUie Purface H frona theajtmosipfaereor from pfciofo- 
PTitloVic drpamaiQa, ud alate uxj%t?n dllTv*» thnoujfn 
the waler exeeedii^Ly alowlf p thr vafer dep-ei»da 
enflrehyah vater oiu rena v.nis for ite mappBy of ooty^en. 

ALthougfLdf£|*r«inE Ltcalltlea rjhilhU majfced differ- 
*qc«q Lra the; TGrllehl d LfllrlbutJnn ?( ert, It ii poRHl- 
blc to xtcapnlE* a ger.erii tH* ol dlstrlbuLLoa ■whicii LS 
ee minoit to a|] ar$aa in ut Pwlflt inTerti^ted ly thc 
Cmmgl r and ta ^i«tl£rdih the loUowlag lour U^tri of 
vliicli differ Iron «cli ath>er vitii r«nnct to me 
d^Tfur. roateni. 

I. A narrnw jrarfj-ce tajrer Sn ^ilgli th* oujg-fin. Deq- 
Unl it apparaAinnjiLKiy f D «^uLEibrium wlth the atau:.B- 
ph*r* and ncarly HUform. sQ Ullo liyer UlS Qtu.Bllty Of 
owygen ln detcrmliiRl lar^elf by thn odyeeA-rBtalnU^ 
cip&cLti af m* wutar, tiecce «h Mf 

X- A ]|JH lB whietL m* o«yg*i «nlud !■ hirti er 
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CHEMICAL RE 9 UL.TS C-F L.AS-T LllUISE OF CARKXdE 


3S 

iham flt tll* SUrflC e or a.t otber deptli, nwimg in ITll- 
Ja.eE thar oxygera Le JS^r*i*4 br ptiotoBynihellc orpan- 
LastiS mtirt: rapidi y th_anu. j| ic COriSUOJtfanci mlxLng Is 

™* irritiy rapld entirely tu pr eveni ik accuniuJa- 
13 on (rf CJttrBE quantLtJtE alffliygeKh At si me ffLaliuns 
tfiia majlnmim oxyneni liyer wa* nni foiind. 

3- A trana iticu Mna ir. which the caiLleit 

dvcraases to a EntmiauTiL. Hus dec re-ase Ie no do ubi 
owLng m a redu-ctd&n ol th* aniu-jaii nf oxygen Lru 4 - 
ferrtd fty j- 1 LC il aiL&jnpj and Io (hc c(>r~nurnpl:r«n gf gucy - 

££□ animal* hy gjMiiaing chemica] Eubit-aiceB- 
f. A 4e?p laytr In Fhach tlie osyfin contenrt Ln- 
cmaea slowly wdUi depth thl ncver uttalna lhe sanie 
wracentrilSosi ^5 m tbc nirfrcn. The watnr Iti Piis Ujer 
fweii/y n-i osygeii IroEB lhe watei strata qp Epotu ttu> 

nbng^plLerfr directly 9lWV£ p and gQnllirtl iflly il£ OEJgfifi 
It luul wh«!n di'M ri^ndirjp; fn>3n fche MurTur*, Iu itu fcti*f 
amimnE cOnEuEn«d by xeSjilr at LCm ind osLdatlon. 

Thr dfrcrca ^r in fcti* cUty|ed -runlent in the EraflSStLon 
WUrT rN HjLn^Vni 9*7E"™ =ii th* Ipwer LLinlt 

are owjfie partlj to a rcduciton ln thr nmminl nf cuavee- 
tlve w-atei mo venient 5 and parti y 10 thc cnn^mptl^n e?( 
oaygen by LniaaaLs and iecoaiaoslfur orsam e ma.ter1-aL 
Ttie Srfc]±t5flli i* Eih ii Clf £ Ul atUm 1 9 Iridi rtlled by thfi ElCt 
LhaC LLih: ftJcy-gpn nn tn I mum a,Lira.y3 nncur,s 1 je!ijW C_li £= UlC-f- 
uig^]Lq=. ft. 3 5 s^fc to iLBBycn*;, (Jicr^lcrep ih^t thr watEr 

b^U.iw Lhe t]wr cnu^] Int- ru tfrivea Jiij C Labl€ q s J^JlUt LCE 

ocf watcT Ifuiij Lighet Lct£^m auic9 ^biai |E^ 

ax/gen iiLpply cannot bc repl-enish^d [r^mlhe LiLra ;;^yJLtft, 
The lictcai# ir Ihr qja riljty ai -di iiulved uiv^eiL be ■ 
lo™ tbc minimum is probably owin? to th.n f^crt that uni- 
maLs and «mnk matior becam* Jfierpaslfise]^ 
p-LUi d£^ui. Kowcv«e h u tyspe na ox^^sn 

to ihe tiL' n AielSlLI igLaiciLtit i ftf 

d<rm=np«TMjup <>rfpinlc rollrr c^nzi!Lnunu^]y auf pl ted WOvld 

ey^itiifLiJy repyh in an ab^^Lvte absemcr vt 91TE™ ^ 
lerefc &f (fte mini mu m oxyp^iv eant f ut and 1hj& lasyer Tlth- 
□ut oxyg§n wouLd prjdually eit^nd more deemy umu rt 
rsiehed t h« iwt him. T> * walu-r in tut a le itoa ph^f ]uaw - 

cqpELnaiw^ly;, R.LtJnougK bcaciR tipLrt.it ifjr 

wa!?r fjom the Eurfacc and tbis waC^r, nf ctiu r^T, 119 R,p- 
pTQXliod!«Ly aatiiraled wLth cjcyge-n rbis mbfec-t wJlh 
a^aLa t>-E dLscuased jnder "HegLoral diatrLtmrt jo n. : 1 ol 
oarjfgeji. 

Ttiut lhe Tiirtical £31 itrJlmAJQr ai uhygCn Jn Lhd 9-e^ La 
closeiy cArrctatcd tSUi the diBiributlfm □! niiicr sub- 
Mancos inTolTod tn blotojic-aL a-ctdvLti^a, sucti at hpdrp- 
a-pn losis And rtiflaphates, ia dAmnnatraled in dpirc rso 
irhich r-epreaenls tbc dlalrLbuiton uf t h.p-&? threr &ub- 
sla.uL al CarnBgia etadan 1J ', r irtiieO Le rcprcBEiKatlTB- 
Qi rjLt F^Tartll Pa-LUiu. In Ulfr S0D infelE-j-S flFfl th-E 

]iT[ was hhgb LinJ tiit phnaphiLli; c:umCi;n.l Jow, Elie CjulnCLt^' 
nf d ki fLvi:d nxy^rra vasi tilgili. AL tlic- .“iurfu tt* iht i?Mygflsi 
Mfrten( vas 4 l fi^ m3 per lil&F and ai 5-0 metar* nirnr 5ml 
per liter. In thie tranaltlon zone silere th« nhosphate 
constent inerejtBcl ind trio 5 H deerca&oi wiili deptli, thr 

(LL££4JVKLbJ[fg£b C^ntiiit t^pLtfly. A UllUEDUID 

rijt-y ^L=n ruitlif-nL uf d.54 wn L p-tr Liier flr 4>nly B- >cE il! oJ 

tdtal «atiAratiOTi- ticeurrrai abcp^jl 7WI oiittri, the SiJiA£ 
depth ai wbicli Iht cn in Imum pH v-^L-ube -werff fgvrwi and 

zpprDniiuatsl? at tr.e sacfie d? pth 05 = (or ptmpliatf 
qilli i ctluehj. Qtiow Lhe oxy&en minimucn ttiere waa n kIpv 
incjeaat! Ln nnuit Uj cif «oxyfen wltt depll-.. coniMirrent 
wicti an im:r-i!3K n in pH and y Ln lhe phoaglhafe 

contrrl. dtcpcsE ^"bse-rvaEhnn, at I3J3 melerS F 

3..H5 caL per SLter ot ocy^en wh«ch ?e scvrp cimrn i* 

nudus llit- EaLR£tu>u r m qibinAity [u*jnd -at 700 inet^rs sud 


aftxnit ihsree-faurlh.s ih? of thr watet. 

An frAamiiiatJq a bl the gr^pUS fat thfr AEaliaiui at whLr.h 
Tjxygvn -at} i,s d^icrinLn^d IKat lh.c c^rFCtaELPH h^- 

iiiio-&p*iatr N ATtd lyand a t atfltl^n 157 l e 
lhe uaual co nd itio n. 

□r particular intere it Ls Lhe djatrithitiuii &l ihsae 
&ub»Lu.ne:yfi at HlatLftr 952 Sr Ike ~NOrlJi l^quaLCrlaS Dr LEE 
-wh^rc- Lb* vertieal ditlr Lbiiiipri 4ifferfd (rom tlial nE iso^i 
^tiirr ^t*tU mij ofuimsuni HydrographHc condiiiont. 

'The- cur^ep Jc-r Ibas statlon are an^vn m Cicurp ClZ-i. It 
■wJ_.ll be Tioled Ui-at Iher g Fas a imarked Idertds« ln Lhe 
pJbsapkaiG and a cafrespondlngdeei-eas^ aq pH andnujgerL 
r/M-nl^nC an Hae upper 200 mrEnr^. Thr patrii h irr layrr nf 
Iof oifpm eootcut ut triijp BtatLomwltl bediscusaed Latii. 

Sectio a V. iMlafli 162 to 141 md 134 io 132 ; ertiirda 
□OKhiiSiWixi Elii SklUOftn !£l^jid9 ilAliluiO 14^ 

!H>uth, Ipng-lbudg IftB" 1 wn-sLl Lu " 1 n Frnnr.l.sou (laLsCtihlt: 37" 
north> r — The oks^ti c^r^pni .n the surfacr from «t^tkhrifc 
13-0 Ec- 132 le abov« 5.0 rnl Og pe-F liter. South >:>d Etalfion 
13-3 it drutia lo bttweeo -fc.d =ird &.& ul per LHer» TIiLb 
cm be mptrled Irum LhC MKher Letnperaiure df lhe wa- 
tm, Soolh nf stalLon J5& IL i. k ; uptitlj fceltr* iDml pfij 
Lltrr- !n th<? opjHTr hOO mnfcara it raost sin-ElimB Jn Ehls 
se-ctlan, Etiece Ia a In? e-F ni valear of FhJch the o-FTffe n 
content as nbgher thau eLther abe ?e or beLbv. At statlons 
ISO and 131 tke tt^xLEnuad bxygeei cochterirt La (.0 ia 7_0ml 
per Uter. SOilIIl CiJ ataliun 141 iL Js belmeen 4.0 irril b.C 
pi" - 11 tar ■ £n p-KCTG«Jil.i[ 5 e ttil* ippEirn a=in 

aSancrnl crnilinuov^ l^yrr taitvrfn eEntisnA nnri 151, 
tHIi otbt 1M per nent Eiaturaltoc, aouth od thli thi ibm- 
imum Ie befwo^n LK) and lfX? per ecal sacumtlan. 

The Lr^/Liltldd 2^4 sl dtpLh.£ ibarc 500 me - 

Ltx.-i tJdLibiia E.lir KLiiiiK f^rmcra.1 fraE.ii.r ta lle Eli t phuSjiiiar.tr 
Er^n-sllicn- Bnl^w the tra^*iU«n ?jnai.r ih^?rc Is a *rerr 
^cflnltg rainlnaum of QzjrRcn Ih-rTNV^hoLii thr wholfl- ptclicm - 8 

true oimmum chfU^e? in dvp^b arad m ma^itLEud^ fr^rrn 
r»rtb to fioulh- At me murUiet manuar staSion, 130i| Lt ho 
repriseoted by Q.l cq 0.3 mL per liter or lea a llun 5 per 

reat a F ^aiuralitin. Thk: candltiem ExSyla EB BHwalh af flE -i- 
-ti(?n |33 -whfrrc thfr GgiUPE-ratraE u>n rf qiyptm SA 

rv?t «pute eo ]oi bul lhe percenlage ^hturnti^n 4ors iwl 
nae u.ntdl paat atalton 134. At staeian ISO th-p m:niiaam 
agaJndrqpa belaw 0.3 o^L pee 2Uer &r E pej- cervt satura- 

ELthi. AI Eius M-tiiLinTi Lhn; rmn imum iii dlmd^nJ by £1 lnjex 

p( IviEhcJ 9 nye;rra conimp onr brancti the ralgimmn 
ocearrloy aL ^00 mnors ^ ud the erther ac 5-00 mcEcr*. AI 
atalion 151 h Jatisutle 15 & norlh* the fnininniin 15 rtpre- 
££-bted by a ihl^k Layer l?lng brtvaen Uit l^tril b af 100 
und mcEcr», Ln wlhi^h Ilie LJJtygtn frCnte^U FIS- Dnly 
D.«6 ml pir littr. This T^lue Liti ao .±lC*ii? tu tb« erpw- 
jmrnta] r.rj-QT <?t E5ifl-d pl^T Tfi an^E is^D E"h u.! li La pasaliue 
thal li thiE ther« is n? dl&solT^ onTRcn *A wll. 

Aa ore continuea &outhvanS F Lfo mlmnm &ix affiH aurm 
at &taaon 1 j& at iibo-at UKh audi melerii reapcclueSy. 
The ataLlon curvea ol Ciu veitlcii dlatjUwllon of oirgan 
0-19, pp. 56-li&) tihuF thJi theae oIilliql: pert^at to 

iE^lJb^ 15-3, .sujlh qf whLrh llirj cunru^c jL ^iKl mileri 
Ti-ick ;l -paluc; inrrn-uftiJ iri mnrr th:i n 0-5- nni par Liirr. 

Tiis.«: mlxirnum c^ntliilirs squthward ■*( abn^ii 400 01 etfcrA, 
ri-sing jw-mmurhat n t FtaELora L5^ wtwr * 3 t R. 5 & 1 T 1 sewls eff 
^ Vriicn «alti bcLo* 0.5 ml per 3rt«j At W eji^- 

r c r e-. It becomtd ieiaa ejaretuc aotithrard Ttth o^fecr 
viltLeE ateiidL]? Increailng tu more mm £.0 m) per Uter 
ili aliatLon ]-j 2. A Lajer vi hlflH bii^isn coMent ciaji be 

S 4 ->i!Ji bEbm nrn Eri i* Lt* :> minim.:L mmnin^ Ln fr<»Ln 5htr ^uuth 
r| slalion 10] p-i a^ut 70^ rQ?lnrs r wb r.rr. IHe nxy^an 
coment ls mare tn-nn 1 an per lHer- Norihw^rd aE risas 
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tu lughei Irvrlg and decxeases tu valui: but Is sMLl ttft 
trtiejit at statlDn 15^7 frL 400 naters. There wlIJ be a 
gereral diKUEElon of Ekd oarvEen EriLniiHIIBi. liter (p. 14). 

The asy^Ji sta watcr can «nfteii be tiker* 

as a.n LtkIe-t tu dynami*: conditbgni r t*iL Ihere ai-e Sn- 

ataracea ®hen Lt cannol hc a? l>r «s^nspie;, th* 

LBturiBKiLare aratarelkc waler oE Iqt MUirity ppnctraalrjg 
lu ntjijdn 151 ;lc ioo mFteis ciinio-t be &*era In the or/gen 
BPctJgn becauir nf lh£ pihHLittltf r>r ItllS WlUCT to lh? Elir- 
Eaee. The usvecti n^iliwuLm at ibdut IDQ imfrtirs fll Sla- 
tlona 15 0 and ifcO h h<jwcTer h mar W cm^rd L™ pu.rt bj the 
ItUiQW oJ (fum the Eouth. aucti a E Iu w is rvirSnncral 

al ni In che milLn-tlj- dtairlbutlu u. SliisILarly, the maximum 
ai flbtlcm 161 at 7 DO meT^ra 1*13 J*?e HftB4Cla.ted WXTl the 
Luftku i?r whIit raf Eow ggtllnLCy at thia pOlJli. 

EtaLov tur dtpthj At Wl.leh the minimum ur.r.Lira, Ihe 
oryffpn «sntent inereascj enor# oe leae regulari? wlth 
depUl. AltlWiigK ll\£ ni^E^n Is scnTinwkaE T-ariabl-e 

ai gTfUkl dtplha, Lt definiri? incrcaa^a: Eroaa north to 
Kidh at ilir EOflfl- nnd 30fK)-ffi eter lei-els. Ttie obsem- 
tkkis indicate tha! the battuas tu iter fias an axf^in qQa- 
Uei bct^een 3,0 and 3.0 ruL per liter p-r abput 4D pererrat 
at Batuiatlun. Orae ohaemiinn m.ad.r' pcri 40OO- miier 
depth at alatln-n li 2 jshnws 3 .sit ml ji-rr tllep. 

Beciimi V] [. yfatlons 139 tc 143; Mbrear L^sa A*rth 
imd snutli in the cener ai Martn P&eSfLi, f*t]o(frLn E jkrorat- 
Lioilrty merldlan .50' wesi ttCnm. c!hi! JJnwaka.n I^Unds 
(laiitude- S 2 ° nortlO i* abnut laclturif 34 : norUi. --‘Tue- □*-- 
y^en topieni. at tUc surtacc Itiroiigh&nt thiiB- aectlon Jb 
S.o tpq prjr Jittr, A ra futiiuiinfi Le reyfld wLtti Lt.i 
wrrinr ai f ]?wel ftf about I 0 O IDeters at Uic BiDJili rniri 
and 75 id plera al th« E.uuth enti nj thr nction. Thi aniii- 
iDiuiri hae a valuP' b^iwpr-n. |.fl nnd G.O mj pc/ ntcf at 1 
1DD p*ir curit uJ saturataom. At etatLen 143 mtir* 

tbin S.fl 1 m.) p?r Ihier f>ccitra R whltli re|pfe^qlt an ■i*yff r 'n 
sjturatlon ?r•?at*r than llfl 1 per Bctaw thl b mjI - 

rcuiEri Oiffre Ja a cltarLy dejip^ srufl-nd-ar 7 ru Ifi jJei' irn. 

the IfiTtl ef thti Ih Indicfltc4 by th« torotea lirae on ihe 
tbart al abGDt Z50 rrieters. [t L 5 PDre -clearly bNswh 3" 
the v^Fiical difimbuUon cwpvf& than ira t^ie acet Lora, lt 
wllt hi? rfleall&ii th-at a rrainlmuifi wns Eourvd ?t ihe 

eo-uth^rn Etatlcna un Secllora V. 

The prtuarjr olI aLm^jio iccLiii at tOQG btecera at 
ttiLtlL-r. 1-13. Frum Jitct _ i ;uuI!!i»a , :i rd il li> -BH> m4i- 

texi and In^xeai^ in ^lur. ]r thi; i^r|h \\ I 5 r^p r? - 

aB-ratcd h^y ihran Cl.S ml ptr lalrr <Icbe S ha 11 & per fent 
saturalLoi); soulh ot sia i ion Hl ll 16 betve^n 0.5 and 
1.0 blL per iit er JIO 10 20 per ccnt eniurfUkm). B^law 

ttl5f biliLlrinu tn the inrrriLHRK xcfrula rl j. Thr nnly 

*VsM2T»atiE>ns m^dr bicLu* - 3000 meCrra wyrt ut Etatl&n 
H2 whe-rc- it is mdic^ted lha.t the tuotlo™ water eora.ln.ina 

BUS1INE-LL 

»3»altan Ia.Ui.ind MO Alml^n J sl^nds; Iatllwte 
3D' raonh, lonffitudc H5 " 16^ ®rsl to- latLtuda SS " 33 r 
north H loa^Huds 159 3fl J weai.--The F lu-ah ni-H atciinr is 
constructed frooi daia. rurrihctied try Tt. R.. Rnvntlo 
aucte?h ar jlirjiia fB;i ta p.p) nccugiira bj ! the U 3. S, liu-Eh- 
nelL un a ILrtJf 1 beuw^n |lir A3^11^F1 Ifflail^lS* lUtlllJdVW^ 

3fl' north, lon^itucie US -1 16' wcst tD Hitwaii, liliiirir 
33' nort n, lon^it jde 159"' 3U' wust. n la uxicnderi tn aNp 
30UL11 by uhft Crtta^St elnliun El-lftt ranri In Fh-t nortb bf ra 
ar-jlJrjii 17 22?1! mvH-.xlignltrd ]ui~n-l9y by tli-e- ily-rifo- 

Kf-Li.phU GWLcr-nf Ehr U. hI:4VV ind tTl f QCif.Lh*icrj.phJC 

La.tmr *tcr i r s di the fnli^fs&ty »r Witahififlifin |a&e 


more iMn 3.0 nui per Liter ol oxy^en otr Ia tuore than 40 
pBr r.n nt eaturaleJ. 

Supltun KIVj sCal mrs, L 4D to 13(); from Ihr H^w^Llai 1 
rsianda to rt fTan-ciaco J --£talLona 130- to 13-^ aljeady 

Kavt bee» d Lacus sed under Sec^Ltm V, Eoutli «r sta t Lon 
134 ttie b-ur[; lc<j fj;u□ VdlUFt Tury btLTif^fn 4.D iLnd 5i.D 
mi ptr ]Ltrr, The -mnutmiini al 3 0^ mrUrr^. ut triitinn 134 
ia co-jiLinued wo^ino siaiiur L4D wicn viluera geneiraJ Ly 
llLsi-v»: 1 5.0 rnl p^r Lilrr nr m$r& Ehira 1041 prr -sunl Katu- 
ra,H^n. Th* sr-c^radary mimmura vhl-cb w^s se^n Inaec- 
ti(ni&. V and Ult h to Ui? aouth arui we-ac f>E this sectloa^ 
accura h«re irom atalian 1415 eastward id aia.tlcm 1 :J7 r 

[U illude 24 d2 r nur?JL, Lon^iludt L45" 33* w<:at? r LililucsuglL 
Lt ia appartnL Lri Ihe M ll»" 

tln-ri |30 a( 223 mcturti. 

The Dia:Kf^ minimum it 1D&G meiersal sutlon 135 
DDiiiinuea wp^tvrard at a all|hlLy i*#tr tiepth and iLe ui- 
y^trri cunlu riL Lrirr eLLSi^s Sld wl y to atnvr 0. & m L pe r ILL^r 
Or 10 r.rnt a;iLur;ttLnn. Iu ihe d rpp Titcr there Lb 31 
drflTktt^ Lnercase in guantHy ^E tmy^en trom ndrtheast tb 
sffythwest. 1 ti Itiis rc^lon tiie Potiom water probabLy coai- 
talnE tTifjQ 3.0 to 3.& iuL ni per 3 tt er. The Higb- 

eat TiL-uf ubaerif^d. «aa S.lfl m] per liter at 4M0 nirirrs 
gl Ktatlcm 137. 

^Mtlnn XV. stalin na 142 146: in c^ilvid wmis 

£4£tldJt Sfi th^ C4ltlH3 Hd Jtil PldUiC, £KtflTldLriB appp^bi - 
rn,n.tH!-l/ ikliYwtp. th* parilll &L 33" rinrth between LoB^liiudes 
I61 J P-nd Hl n ■» , C 5 t,- -Th-n surfaci; H^Tycrn cemisat La 

5.0 ml p^r \ilet Y whlcrt represenis SO lo 3flO prr 
tent saturraLLon. T Iit lay^r -it Dtuunet» o^r^eii raLuea 
llit-s ilL dlKmL 1QO meLtr3 wlth WatCr OT more Uian &..& IQl 
per Ht*ir ot axYEHi, convmvrilin^ io mnrp ihan 1D0 jier 
c^rt EJitiaratLbh 

At abbiit 25 0 lacteis Ui?re 1 e- a Euccrulary mL nJmvm, 

llS t fiprezsrnE L^d. Qn The ±ectitiri hy n. brult^n Ijnt. 

T<s- ki^l 1 ilihc ransiimum nuiTr rlfurlyj x«Ter ciicip mii-iillIiI be 

k\ i Iit 9-tatlfrJi curve & Q - 6, pjj ■ 50 - i 15) ■ T h r - 

CralLnn oEqSyjtdHl LtdB oiliLLCU ii_Ul Jayerla Le SS th W 5.0 l&L 
per 1 tter. Thl s m l nlnaiun wa & ob aer w «t 1 n s?rt lo ilb- 
VII, 9MI TCfV IL ali HUtlm *sat ftl kiTR-tudu 145' weii 
Mnd *nu|h of LalLEudp IS - " nnrlK_ R^fcrrncc I* Eli^ r<r(i- 
cal -cuttc-e shb^s ihat 11 le omly (aLratly rwid?nl at Eta|kt?n 
I4# flatltrade 31° 5l' raorth, Longitude 140 1 50 J w*eO. lt 
'mS ikI se«s iwi Lite eur-y^ [ >r stELtlon 14& beLiimse m ob- 
ifC ViLLJrjrih; nf^re inudi' ut tn* LcteI ni whlcli Ji. vnuld Itw: 
chpe^titd ira ^ircur. 

Thfprtmury mininum 1« «HCDunltrcd u 1000 hip- 
ters ivlTh- v^Iupe bolo-w 0.5 m) per liter or abeui 5 per 

dent Of 3itiLt jL Iuil. B8ldW Ilii' m J ji I rr.uin Ihe fc ?E pn 

eonteni iif1Cruj!-;i , s l Lnp 3.CS ml p*‘T Hlrr h nr morr 

th^r 40 p«r cent s*lv-Fat1oTi., nt 3SOO oietera. 

SEtnofj 

nusrapflciji. ThoiBfls, ard nafn&ra, 1934). Tlm pcsltionoi 
the Idilter y.lst Li-i-n. LnElLud^ 1 50 1 55 r north, Jdrar»tud e 1 ^ 

S0' fcft-si. T^r cnn! pf r 3Eon Caruegle statlonE l42 andim 
■riT* uLsn ^hcj-wn im Ule? seeELDn hei wu ftirtiwll s lallem h- 
Bk-:imd Bl h and B-m isid Qn, rerapeclSyel-y. Tii c Ttufcl -.n^ll 
sitiens wcrcctcapled bttHrum AupjSE 1-3 -htkL 2g p 13^4] 
IhO UrlaVcTjlly uf Wu^i Iraglnn. Ttatipra nn funr H>, 1933-L 

:lhl! tlbp st^linnfi bnwur-n Oethl>rr 3 and 7 h 1929. 

‘Hils s-ccticm in iis narlhorn jHLrt ruis lercs&. t 

54i>rfcti PacUic WceI Wmd J>r j iL laomnlidus cnilcJ tho 
Japan Current) unci nutlLnfd i-lirnu^li the ri n- 

Ctf ■&[ Ilie* Nurl II FucIfLr ¥ii rlrit. Thf current E the 
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CHEMICAL REflULTfl OF LAflT CKUlflE OF CASHEGE 


aouthexD part oJ Uls aeetion nre veak and La a ireiterly 
directlon. me UalTiralty ai wuiLingtan etaflson la prob- 
ibly Ln thr narra» VCfttCrlf currtni Cl&il* tQ thit Alfutlui 
IsiandA, The oOHfRctJoai ]»jer Ii 40 meter* thlnk it 
tlan Bs. AI nast cd the flther staticns aJ thn aectlon It 

La rith frt* uii^rmlj aknlt !A aletfrrfl thlrk ImL vbdrn« 

ftiW-rttth* PWth tp W ns*ler* aL itillgn Ba, 4nd vm.rrvw9 
to T& HieEer* at Eftatkm Bp, 

Ttk? Dsyg™ cantem oi Ih* aurlace Trmt*r ln ihe nortki- 
ernpart a£ tlie aeetloo la over 6 mi ptr Ulter' at autlon 
Bf II dra.pt Io bfiln» 4 vnl p*r l3ler F and from iuIIeni Bt 
Io Elu; touth emi of the se&tlon II is hrtvnen 4 elfmI 5 ml 
p^r ut«_ Thind^treifle Ln the fliygi il urtenl *I lh* 
mirfac* *al=r ifroin ■w^ih t* fciiilfi i* te be erpe^led be - 
caiiBt cf thif m creaainjr (eviperaEiir^B and Hic d^cre^-ALpg 

«illbjlttj L>( 

Aa r tsrdfilb tks aubaurJate dl&lrL&utton al ostygeo ln 
Lh!( lect lon thert || a clotc rtHDkUUCt U> IliedllStrl- 
butlrni in fhi sutoris tmertl^ited Siy the Ca Jiwgte ln Elu 
Turtheastern Pacific mcildu VU h xlv, and XV). 

Ifc ere la a layer ot majtLBuana aatygen tbnienft thrciigbiDuE. 
Ltie &eetlbh kn Ut* nppt* 1PC meter» At *JL a4*tiom* Ht- 
cfpt M Ehr «9dTBm« «raith where It dcops Ea 150 metare. 
£ji tfi c wld er Fater tc ihe aarin LUI a layer cantatu mare 
Oian ? ml per Uter OT GIjked tali auuthvord. ilderrclaefl 
ln It fti tfeiam E mi per I Ltrr. 

Th.p Ir^riBlIkon xon« dn TUMr^nf the nufaev at Ule 
narth^rufiom HaahMlL aiitlona wlt&ht ita invej llmu L& 
abave 3EH) metere. AL the ttit.Lj.di (S&5S-17S1D) ta Iba 
BorUi it eHetrila i* <S5 meter*. Procetknfi HVItiTiird, 
the transit Ion zomo iliis and espanda, raachlng lia la»- 
eotieplli ind jn^lmiuc ■rapar.e-ion, at acatia a ]JL p latttude 
JD" 5E!' JU&cth, Vtiare lt eXtlimiti TrOm 50Q ID #00 rnricrH. 
Sdalh nf th Ls iutlon i| cpntraen «onu^wtial 4ivd risu. 

At Cajnggifl rtatlfl-fi 140 It li-ns b#tv«en 440 and fl 50 me - 
1 eri. 


Tbrrnjghr.uL suetiori tHftre 1* a fcJL- de-TGlapea 
l&fvt aJ mLnluum ozjEta cantent. AUUwiigb Ute ]erel aJ 
thr Ula nf thlft mlaJaiiLni |ill| OMl rilti Irum rurta La 
KHilb In n minorr pariLMImr thm nf the trafiaJllan mno, 
th« thLtfcflefln a( the- ]ay er pwcr ln a«y£e-!i deerca»fl hi 
tlnuDUAiy fram Ilie ■ofdwraaiBk BhaKo*)! atidon. (Br. j 
pwrtb»flLr4. At jdat bqn Oiert Lpc a Ur^r Of iffctar iSlO 
nelm thlck,. Iroin 2*0 Io I4KL neteri beta» thr iu- 
iice h La whl-ch the oi^gen cq^tenl 1 b> Icu XWm 1 tu) per 
liter. JU 3tatloii BSr, There the Liyer Ltiat La poar in ai|- 
BHL riiched Lt* jrr«t*H dipCh trtlo» the Curtaee p Ui 
thlctlMME W1B 1090 HlitPFB, ^itPfidifiK tjoiEi 330 ln 1900 
metere b^Lov the aurkee, South cf this eUELgb thla 
Layep rJ&^£ aad rurrova mare rapld-Ly. At Carnfi<Lg sta- 
lL*o HO Lh^ wlib leas this 1 ml p*t Llier Qf axygfiA 

L* nn-y 4D0 nurtrr* thlct, ]yLiif( "br-tw^^n A5Q apii IflSQ ni-r- 
tsrff bria» Ihe TMtnce. Wntrr ndrTimc-Ly ^-?t?clrnit Li 
Qiyf eiii repreAenrted Xsj concent ritloAb Jcbb than 0.5 ml 
per Liter, acturred la Luo pirti af the A#<llocL--lonird 

ndrlh hl iftatUMlT Ba isd Bb F Ufed mtrd th4 Huth ht- 

t»r en pt* I tau# Gh iwd Bo. 

lleLow the layec ot eb Lnimum ojcygea Ln a r e d a -a fiirly 

r-egTiiiur lMicxfl-iSe Lrt ttifr CrAjgen «Anieni Villi depth At Ml 

(W 1 ^. AI 35 W th4r? la «narhal npr? than 

3 ml per ItEer o( wy^en En the deep water there la a 
coiialjdtrabLe detreane in Uit urTfeii coBLenl rr&HL Lhe 
soLLUi northTird tn sutldjn Hhi, LMltuL# 3B* fil r norlli, trai 
frMft her* rwrttiwmrd there Ip an 1meue, nlftboefh the 
eeneeviIrmtloTLB in ibe nartherji part oC the s«cILdd ar-e 
D«T«r jle great aa Uuat ln Ue uLt^Ene ooiitliera put. 
TTLiLa, M Ulfi atoO-ttelrtT Wlc- eHyg»n cOnien^ mHSgh 

nt PLtatlori ]4H> | B 2 , 2 ^ ml p?c Ittffr I dferT^iPB 

ta t.15 at dhvtton i5P. and then latcreaneB ODi-UiYird to 
t.fiFi ml p*r liter at atatlmi !Ja, md i.55 %X cLiELoo 5055- 
1T230. SLebDit eoadltlon* ime foewi ai the 900- meter 
l«£l- 


HANNIBAL AMl PICKEEIL 5ECTTDK9 


The OEjgen daU atkaLacd by R. H. FlemLrgtta bcurd 
Lhp U. 3, 5- HajudfrM ln Ui« tMI od Pniama. and olf the 
eaaata nf Panamn aHfiCoeta M-c&lfi 1933 are Jn^cel k 4 
wewiKLCBt »Lth the dita, obtalaed l*y Sthmldt (1CS&^ kn 
the GulI ^ jlj i.i rii ;i . fn e*™iecttani »Sth the r epio nol dm- 

tTiauLtlan ol (fcxyncn lt L» of Importance to note UiM tiie 
deep waitr ai the B mJM ptat Lir.s cobLLincd uort ^r- 

JLEG-lGfrAIL. 

dur-f a c e Lny e r 

He wll «'b dau, abL£Liiaed «m. bo^rd Oih Xf, S, 3. Hm^b - 
«n r 4I0 W r»rEh iit awlac? 

thi: ntrr vae preenluratrfl wLth ojfypen. Jcrther 
Bouth the relatlre concentratdonoL oxygen at the turrae* 
waa Hiuvlial Usa. Al mnsL et^lldne brtvepn ltlitudep 

4D a iSiid 20"" trux Oh thfr o*ynrn flpqi4pnt af lhi> Burfa.ce 
wiier vim jusi v-ndirr Mlur-atdewi, ihe reJitswe coAceutra- 
tdnni tr ry-nK Jrom 9S to lOL pff eent Qf fi£Ltury.clon M al L 
HtsULariB «xeepL ataldon ait, There lt vas 60 ^ emt, At 

tiie nest grafjp *r arutlan^, b^tvepp Ui? evuiiEDr and la.ll -r 
lude 20^ odrth, Uur quant Ltr q1 oi^feTi a.t the Btirlace was 
itllt If ji. Atlht live statloju larth^al nautli p latLtude^ 

S p tn 11* souto, ejia- reiitlTfl uatentriLlAD aiyifE-n 
rang«t from 78 t=o p-eir q<eM af siturallnn, There I b 


g-eits llu_a rild the Carmat i* nlnEloM rirLh.tr nortb, 

Al Lhflfl»e italkoBH aeetipsed th^ p-kmeBr . h evalle 
Lfmnd Uie dlstributioB crf QJtjgen febe very simUAr te 
ifwl f-Qand by the C*rn*gL» it AUtlan 130 whLth n« oc- 
cupled tcrtir y«ixa eM-|i-ar and *ereraL MliMb-^; phLIc fl 
rartbar wrlhn 


thon n detreaje ln tb* dlp«n]»pd -Msatent n tbt 

aurfiL t- fmm ncjri.li ta poat^i, not oiJy ln the ihanlute 
quanlStp, »hlch ln Io be eapeeted tfrc.a.uH« *f tti-n temmi- 
Increane, twt ilao Inthc perc ^mt^e eanratlon. 

Thia prnlMbljrrrflectH mrleUgn Lntht amoimlol phyto^ 
pUhhtwilTomnorthlo aouUi, (ne eirtat IheBoiimerBBmM 
gro jp Oi SEMI rj n r »he ULe unudELal LJ Iai» ocy geB ccmteat 
LbdleMeA Utat the wuter at the py-rtace Jiad beea mlned, 

• Ltb FBjfcr^laee Baler of a mo-rnially lav oxyien cgnt^iit. 
Th3i Ib turt^ie-r uniealcd bylhe EaeL tbM at theae a-tatlQiU 
Ehe phoH[iba.tf ^ntrni at the Eurlac* vub relatlrelf h|gh P 
3 d ne inam pan ortfie cmtrecttoai xone, lh« myieu 
conrtem Ehe t ime i* a| Ehe PirEaee. AI utaMars 
norili ol fcatshuie 20' nor(h aurfite nluee cM^nd&d m a 
duplh varylfis fr™ 10 to 15 metem, buf b^L4obi Id mare 
EJian 5 MeLre 3|j ntatlama ElxUirr nocth. The poalilibn o? 
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Uio l^r fj( mMjmuD OKTffrn ea Steel fuied ln a. 3 Lcal- 
3ar b anner, usualLy b-eLrhg fanuwi at eo ea e 30 Lo BD m&tej-a 
at the jurths-rD sutittiia but ai amh iiLghcr imli at (h-e 
cther staLL-onfi. ThSi niAjclimiQi *ai obvcn-cd m pracll- 
Cilljr «?nry gtacbon huc il iras nio re- pro!iou5is«l at the 
fwrth^m Jtaisons. North of Lalitwt* Ea" nbrth lh* uuu 

mnm. oxyg-Eii vaLues re_pr taented n.AtuntUjra 4 i a|L but 
three BtafloM, whereua eftutfti nf thi* latttudc thcr* irae 
OBljf r ->rur fltaiJum ifhtrc nuprrgiitTj rjitJCn W3S «beer? «I. 

Th4 I frma twrLh Ia wuih La Oie nari miam vif* 

Stn ^a]wf par ai LeD-a tue caaeealratL^fl uf oxygea ItrumJ ai 
lhe surface. 

Tran-aition 2 qii« and (Xxjgcn M d il i n u cn 

The laver iLmit af Lhe £raaa Ilion sane wxb thurae- 
leri£«d hj A m Lntnium uf nicygen and Ib-tt* i A | □■udllj a. 

mnrr: i/r ]rB9 unito rm drcrrapc 1 Iu ihfj oryccn CDHCcmt 
tremi th* Lover llmlt ol Uhr eurfacc lay*r to tilia m3n1- 
mum. thp Mfgen transmea icji 4 did fwt t&ifiekle villa 

thfe timpCf UhiJrfi l^iiaLtlin zbnfr Edir Oie MLblMUJEL 

lAftr ilvAyi qcctLpred bfrls» the thmHKlla** Ii die 
bdwndjiFy betvcra tho trupoachere and strafoephere bc 
deflnud by the 10 D isotherm, an Sre rdrup subeat e (I-A-, 
p- SJ )| to>I^TFLllff QHIJp PKm th# MTfftn ERkllBW 
Urar vui nFiiB-Uy a rrutuix di the ertrAtoppttfrr b-ut ln 
ECfOLB lJlHtmjCeB of the iropcspberB. 

Ln thc transitum cone Ui* dlrtrStmti 4 Mi of (nnceo wai 
nuaris vwlnb]* a b-otti FFriteally and hnrlinvuUIl^, than ln 

■uy oi lhe a-ther souf-b. The io ver ILmii of th la Eoae r 
Olit Lb„ tue depeti olthe Miri Laudi» ajtfgeyi nlusa, oc- 
curred It Irnm ESQlO HB5» mcler^ Ln L^tlliMlea narCh Of 

ao* n&rth hut iw?ti^§L sv-rt^pe I 4 yb* ^rvplci and 

E|p««U|]y in Ilie Kortin Eqwfeorlal Drift and the tquald- 
rLa I CrmntcTciirr fiit. Theee dlii€T€nceA cui &e correlal- 
ed vlth, aloalLisr dlll^re^ ea ln ihe Oi^faLLl flLraiLfLtatdoi 
of the wat^r EMilq uut thiri Ea ^vuiaa^c thal 
horiiontal tomir.r norpmfinEii at an plaj^d a parfc. A COD- 
dll3qn MTuiilh sr iF-trd at st^tlou £44 [are Btallon gT-ap^ia, 
I-B, pp ■ I ]U- i 3 l) P vJwre UifrT^ wit 4 rdtrKed LnCreiflC 
in the oxjgvn UHLtvnC tKtwem 300 wnd iOO P3ftcrai h 
atrraL^iy iodlciltE the prva«rce ?f a [supttf l-ayvr qI 
wa&cr recentiy deacended tiom near the surfAre. ThSir 
] iy 4 t vna Qbs^rvKS it most ol thf Carniglg stiflons 
ncirth. cd laOliidis 20“ jidKh bdl It IHLfi "tMfft dfTel^fWd, 
bflnce uf uc-trt r«wit lil Olfr Ufca bfltVHIl 

tiwtep i50 p and iSO" vari. Lg th»= Bushgtll aLatlou- tfcia 
caa be Mchd aaly ac tir h Ptlif^Q im P l*U- 
tndd 30' J 2Q-' na 3 tti r tnit at the statione Eairtiwr twrtK 
tiwrr wrxr RiimMLi lijtra at reiatlTely lUfth osypern 
cantevU it hi^thcr LrTcin. 

rtiv ieLqI miun valuefl fcaer tueri gfidoLDy 

Cyim about 0.2 nl per llher ut Oie mori seuuierly ma- 

tJfind £.Mutd.S ml ]>tr lilir neSr Lu-ILIude 2C' ndrUi. 
H 4 tw*en Ulla U-tlludi ind mprthfhr nmjitlcleo wer* 

□J pe-r Ittcr w Iq-u. At BtaLktn JSJ whare QDDdSIhona 
mnrfi ntrqrac than at the other etatlons, tiie ary- 
ifw £rem bter $ mJ per LEtcr at Z$ 

met er 0 to Leas Olui 0.1 mi per ULer it lW? inctcra. De- 
lw##rt 1 OO me-tera iM 400 meteri there vaa a lif «r of 
«ater ln whleii tH-er g m pm^ilrallj na thE 

AJUIhiiVt uti tr Ted. rj.np ln^ (rnm U.03 Ln 15. £M! m 5 per llivr 
frrfrOBS O.i Ut I ptr r.r.wil o| uhralW At 5<W ERCC-tra 
the quuuilr niflherp ot 0-1& ml prrlltrr- 

Thr Lhhh conc^nir^tanii or c^mpl^lr ahrtenca 

^ ai rs* n At nv^Bt Lvrclff B^ore meter b at the tn- 
l®9m Ln Ilie H^rth Equator lal DrLfl ihJ the £qqat?iLai 


CouivtercurTMiit 1 b wttj etr Ltimp tait munt N pqHald^red 
incT+i]j ef m a^qmDEunLlad Ql a ukodltloii Cuiuvd «t ali OtP 
othur ^PByaoti BtAtaoiifl, ln Oir Nbrth Panific * Thi* acceTi- 
Luallnn Li nvbif td Uic peculier Jiydnjgriipliir cOaaLLtlOIli 

ol Um rnidon Ime i-a p pp. ia S„ iaS). M etuttnvifl 1 bt 
iM 1&2 thfiTi ifie pl atroma rtraiUiCLUhfi ai the viur 
above 1*M melera as Etoowa by Lhe temperature iiud «deB- 
s3t.y prbfLIe^aifcd banaequeblif ma .appr etSih]* quiotiti-ea 
of valar rtch ln cpald alnk imm the ourfaca 

tayer. A h !. oallnr atratlilcn^Lfrn abo T r mv- 

tera at aearb^ otaltcnd. EyerOrup p^Lets ovt thit thnre 
TtA 1 alrioiLg ypvard movetuent it the bordtra of itif 
EquiLnrJj] C!&arat«rctnrreii.l r particular Lf li Lhe nurthern 
tn5rd4f 3 tfiit la p it ytiilau li 1 d&d li 2. Tbn effati of 
IHIi urpwarri nq^in^ai prWKnt Inill tbi 

pro-JlKa, H raunt be realLied tfiit the ri«Lng vat^rniBes 
irom a IetcI at vhich the ojcyger eonKent la alimdy Ttry 
luv. An it Urcrea lnto Olle n^Lon aul rlees. It Ia nb^ 
]ected u> & furtbtr dt^lntiaa vl ita oxygad vtiue Litud- 
Ing Ounugh thir dr^pthn at vtiLch |hc qijrrn ^jormuoiptL j^b 
1b ruoHl rapld. 

The proiilfl ter SMtlDB V sJww that ut th« 

uuthen stutiona Ihere vere tvo oijfen midiua, aapa- 
re,tnd lr«oni eich ntliei- trj a tajer uf vatrr qf talrlr hlgti 
fHjEH» «qnicrvt CKCUrrLriB Rt alxrui 7D0 ra^Lrra )L irtatlpn 
161 and rlsUifl tn 400 met era At I&7. Thv ullnltj 

prolue Iqi the secti qd sUpt-b Ifp layerv pI warttr cumlBg 
la Iro m the ficnlli, Lne icler-taedlale Antarctfic Current 
Vlfth lov imlLultr It 700 metari, and Uttthnr Laynr Ol 
VftKr n-illi hlph h.1Jii11t p probabty mflcirtlp den&ni^M ■ 
fretm 4h« fu riac c, comLng Ln at abeut 2-00 Enetvm. Thr 
water oibotii Uiere eurrests wuld be eipeet*d to ba 
veli suppiLed vlUi rayfeD ini It la protnlbie Ltuat they r at 
leuBt Ui pari, itcDdat lar the hlgher oxygea vuluea lu the 
LranBLtlan tt-ar aud thn Ibdb uLctac mLolimuia b| the 
Kuthcru ntiKC-LnriR. 

atrataiplere 

ln th# mier Mvw tht tra^isItboB une thn oxrf#n 
GOBtvnt vae f&und le IncTtiH slowls vlih imtreLaliig 
depth. Thia incre a te lx tumuaariaMt La Eable c4 P vhie h 
fl-heva the averuge 4|uojitUlen af axjgen at 3t ?*ral deptlin 
in fflur u>aei er Lit Pat Lfl^ Jor vtiiqli dita, ure pTeaenLed 
latfeiU rlp4ri. Cnly italL^nt n| vhlcb ws.pt qf wtrt 
Ui^ri to a dvpth ut it lenii 3000 nvUrj Are luclinjlnd Lu 
[htfl CabLe. 


TmbLe C4. Skimmnry af oiryt ea tonteni la denp wftt+r 
ftf Oie Patl|3c Oena 
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The wuLer in tbe *tr9tdiph«q r-c«*ETFa praelbcnlfi^ 
na axygeu frqiu tue Liupoi^ifre bvt slnce It 9a eertiln 
Abut Lhe viter ln the ilratosph«re «rlglnaLly de&ceid«L 

ra-fote„ It Lb ule eq «tnclude Lhit 1 » u^bd 
«Qntcnrt vbb qi trlnally £fl.Hly hlgthi Uut in P ni leikt 4 .S al 
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per Ldler. E ren at great -leptba hib^ twtygen Lp eon- 
^uirird hy ^rjfanisrai und di: mcni^ci.i I ch-cji] _ca] Sub- 
fltuices h aiuitaWeC* aIkto thar in the sLnrasplLer* i 
eon&Lderablfl- acaouiu of o*yEcn had bn?n ewiwmfciJ!- 
The HLgheal raiue sbiaJuad Jji the North J^adJle* ah 55 OQ 
wa s; unJy S .34 edJ per Uler H 
T;ibltC+ alStf skDwa thal Lht QXygeci -CCUltehl ln-- 
cr«lff*4 IrCTO E 1 ?# I»? E^jf-Eh, Thia huib^tej that, aLrace 

at cliese depstis tne D*ygen is ncH irplualshod h? v^rcLcai 
watet moTemeirls, [ile TKiter at thn jQCBt sout foi^ri) y ata- 
ISars Hau d4!i{« e ndBd (rura Elis suffaee mqj^ r eL-ent L y tltan 
at IKe ylatlniui (irlh.fr nnrlh. Thia nu-unbi P'ii -j 1 Jn Lhi9 een- 
tr&] and e^eleFn PacUjc Ihc m tkr -sLrataspti^rt Ls 

oio>TLng ]si a moTtherlj JlrecILon . That tlhe- euty-Ren gnnirrat 
L ntr ea ae-a towa.nl the SQUth. la lurther ntirrobos-;i.trd hy 


liwe data. piabllBhesl hbFTh^in.^cm 1.19 a l b> "h-K -3 ahowa th-at it 
aid thc statlona occupied by the uaiia aoudi or the carne ■ 
^Ly fllatlMlA, LtlG ulyfibiL CGBLMlt Ln. ULP dGtp tflEfrr w.ii 
COnisidflTah]^ liii^r (lia n Ihal frmmd i! Eh^ «mitior Jimg et 

RjftUUSKll Slatiffns. 

OnJy two trf the CarHEgjg -o^een series Ln Ilie snwOi - 
ea alet ii PacLEde extend ct> great depth». At botii staLlmn 
52 11 i titule M* 241' uutti, SangLtudt 112 11 wesi) and 
statior ST (laMtflde sa* ae p *wih F tongitufle ioiT ay 
wm 4) the otypj?n co-mnnrt at 3WQ mclcrg tuas abourt 3.5 
CiiJ per Liter. ThLs ealde \i hlglier thiii tho-to abt&lned 
EirLtl^B nurHi Ulthe ci&dt/i] Padiffet: jiiO FtLfUifrf 
Ordl-ua htl£ C^n^luailoni tiiai tiiK urlgLu uf Ih i L deirp WaiLrr 
ii rss tci thc *?uth. 


CaMFAR33CH OF OXTOEN COOTENT &F THE ATLaWTIC AMD PACIFIC OCEaUS 


Thr dishrlfavt^n Ln IHe Abantii Li tnuch 

better Jfftown Je Jn the PscL(lc. tn the AlLantlc 

os^gen has-been Inve-sLj^ aled. a.uQng oLhcre, by the lol- 
Ifwittg: ■jiua.rd^r (1927 |, ln the easLexji bxsSft .1 the 
MBTth Atlantic i Bciwell (1M4), an thr irraicrn ba^ln raf 
th? iioTtn Atlantic; WaEteobexg (18191. m th* Atlantic 
south cxf JatHiutB 2(f ' north: and Deacoii (Ifr33), Ln m» 
VCJtPE-n bS^Lntif Lhe Ssiuth ALUnlLe. 

Eh cdnLpa-ring tlie djla ixiblSsh^d ty Ihp nfcgTif! Ln*CB- 
liKatprp -vUH thn!=.r phtssn^d Ln the FacifLc. a atniting 
dtfferenc-e ln tlie oxygen -cont^nt oE the <L^ep w&ter crf Ihe 
two oceana Ls ip|Mrent. Thia dsJEerente ean be lllue- 
IrlttO 'c-y the data ErQna 1WJ StatLibEifi, Ont Q<c>uf-Lfrd by II it 
Degutar.hLmvd (Rrcnnccltr, 1921; Lp ihir Atlantic St aiELlridf 
27* 46' aprEli, Jui^Ltijdc 27 & M* wcsE. the iJthci 1 b? 
the- Cariwaie (atithon 13?} ln the pmi(j c at LitLlude 24 1 
01' northi, loEigdiude ltE" 13 J we»t. The axiy^-eae toatenl 
At Ultat- IWQ Gtat&onG Lb .ihuwii In fl|(ur^ C 2 S. 

AI Uie □^i^achland. sbarbop the b^On» 19r- 

tere tMtllnrf beEwfltML 5 antf ^ n l (KT LJt^r dl 

■mittit aml itiinLIar, gj rTfP Hre^fF UBintLtltBi ffl?- 

Jt ffrTrnty -Ht« other atatlons Inireal^gared hy the 
De ul &c hlurd ir the Ncrlh and ^nulh AELunllc. AL the 
CajregLp- alatloii in the Paelllc st Ihla drplh Lhc nx^nn 
eonlent mi leaa than 3- ml fer tlltr- Wa iLcnt^ne (1929L 
fu-HLifwd iit at beU>*- 26136 m-rter-E sr the AtJa.nt lc the 
eoti^trrtrallon pj wji s greater than 5 ml per liter. 

Accnrdin[T hiE sumraary tke oxygem oontccit Jn th« At- 
1-ajvtic at all luUtud^E- great-er ttuji 2U~ virili nr njuth is 
pracllcany me aame ul ihc Df^scMaind stritlon rep- 
reaenled in flgure C22 B ~[n ih.? tropLes, Iww-ever, tLke 
jnSnJniuin ^T?Etn vjiLuefi -uere aiid 9r> the easle^fi 

pari gf the AtlarELo £-ametLenes leJl heiow D.& nsl prr 
liter but eweri here the iXy^en runttnt brlnw 20 QQ me- 
ter b waa belweeit h- aml S ml pr*T lilcr. The Ca rnegle 
□M.atned twi dfcygLm «rri-cfl in tlir AtL&atlc. One, at sta- 
Ll^n 3 3 3a tiEuslr 44^ -PO- 1 T!Qrth s lOIl^LtUaf 10' tt-frit, 
rshpws Tury cood flgreem-EiU wlih. t^ial of Lhe AtEantln 
at^Tion 1157 Ln Uie Binae laeiLliy (Scj-wuH, |334) merpt 
that siLghti^ bign vaJiiHS WEm ^Wfiinifd in th* d*ep witer 

Th^ AE]mtl5 vaJiie-fl biclgw 20110 inrlH!TJ3 w -p r r between 


5_ft -knd 8 m.3 per tlip CiLrpcjg.Jg wrre G.IH} 

nal pnr hecr. 

The series obtalncd at ■ Oarnegle staELon & (lalltiide 
I--3' 315' torUl r LoragJru4e- IT 11' Wtil) is fnLercStLnji j=js 
It ah^wa conditlorfi in klf{h LiLt i Luid i::e wliehf Inirrr i.i rv; ;■ 
tberinni ptr^t i Elegion tbe wattr. Et ia iLiua vudent 
frnio the irillibl« cl aU tmt 3\ Lliia statton eH§ quanllty 
of cuygpn ls iiearJy nnirorn [yom the 9ur£aee ta the bou 

l-Sta. Ite qbihELty bfcL&g alMLit & ml pir Liter. 

Ifl Lhe ALjjn.i.i-r lh« .^irM.tn«.pKprr cnnEiiinj; rorrnid Hir- 
aBLj- mire ic -dlocs E FI the Pa(?HlC. WfttBtn- 

brr P u that the hlgh Q^ygen content oJ the 

d T r p ^atpr -?f th? Atlantic can atcoyn^ed E^r bp th? 
lact sr.at thL& water origlnaLc& Ln Ulc polar und ambiwlar 
r^glona jji i thal iit greiiE^IppEhs vrry ISCil^ i)iyp[en Ls 
ChnAujn nd. 

As sbown In lable C4 Lhe oxygen ebiUent ot ihe 
veter ot the PaeLiic is decnJidJy teJ*w thdL ac the a^ir - 
face. Ilie hjgHc&l value MbLajn<KJ m Lh^ ceMral PatLFLe 
wa& 1.d7 mi pur 3 Lter n I 39DP iqhiIc-^) ai JiEalinu L 61, 
ncirThi, a ;LKE of pir T>| . ]| bE l h =^ 

lite deep ^ater of Ihe cenEral and eiLEttrr FatlEic hia 
ioet i muclL lar^rr pirt ot Lta orlginal ciiypta than has 
Oib dsep vualer Ln the AilibLIe Fru-an thLts Ji aokA &e 

rmi-rlu-lriE lhal 7 suncn: Lh^r^ k% pro1>;ihl y tui _■■; ruf I r: a n.L 
d^Hcrence b^lwmq iHe i-wa 4?c=y-iis Ln Iht rale *jF Myrgen 
toris<jitj pt io n, Oie deep »ater ln the Piclfk h^s Lftck«d 
ccinca-Li wSlh Ilie a.tjue sphere rcr a Lorger pe-nort thanH-as 
thi: AiLaniic wal*r^ either b«cau&e the Fax,kfLc *R.ter 

flows al H llonrw rsts oir i* farlhicr reiilorHl Ita 

a lidLing CHN?r, 

ln Lhi s c&nnection 17 I & Lnterfstine to rvc-tr tha7, as 
shown Ln Ilie ochec papers accttoapamyin^ thLs rrpori, 
prei*ni knpw|*di« ^ndlutee LTi-it the deep »ater &t She 
P"RCif ic ls rltliCT in plu^aphnEL: ;j.ni3 sLLJtate i:id Elia a. Lbw- 
er pbCj ifiich qic^fie a h-i^h^r &y-rbum dioxide c6rttent r 

man thal &f the A^LantLc-. Thffff ar? 3i]dL^ati*na 

thatbe deepwaler oc the Pacific has lacftrri coniADt wltii 
the suriat* iiyer for a greater LengtU d( time Oun Urs 
the vjLer bJ E Ii is- Allunli-c. 
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